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The following preliminary amendments and remarks are 
respectfully submitted in connection with the above- identified 
application . 

IN THE SPECIFICATION; 

Please replace the original specification with the 
attached Substitute Specification. 



IN THE CLAIMS: 

Please amend the claims as follows: 

Claim 1, line 6, delete "form ed" insert — formed- 
line 9, after "layer" insert — , — ; 



1 



line 13, delete "differently" insert — are 
different — ; 

line 16, delete "includes" insert — has an — . 
Claim 3, line 1, delete "semic onductor" insert 
— semiconductor — ; 

line 4, delete "with" insert — having an — ; 

line 5, delete "that are". 
Claim 4, line 5, delete "with" insert — having an — ; 

line 6, delete "that are". 
Claim 5, line 5, delete "with" insert — which has an — ; 

line 6, after "type" insert — of — ; 

line 7, after "group" insert — consisting — . 
Claim 6, line 4, after "type" insert — of — . 
Claim 7, line 4, after "type" insert — of — . 
Claim 8, line 3, delete "with" insert — having — ; 

line 5, delete "by" insert — in — . 

9. (amended) A semiconductor device in accordance with 
claim 1, wherein 

an oxide composing said [doubl e] double -layered 
conductive oxide layer consists of at least one type of 
compound selected from a group consisting of CaRu0 3/ SrRu0 3 , 
and SrTi0 3 to which La is added by over 0.5 weight % to 4.0 
weight% (included) , and all of [them having the] which have a 
perovskite structure. 



10. (amended) A [semicond uctor] semiconductor device 
in accordance with claim 1, wherein 

an oxide composing said double-layered conductive oxide 
layer has a mixed phase of at least one type of compound 
selected from a group consisting of CaRu0 3 , SrRu0 3 , and SrTi0 3 
which La is added by over 0.5 weight% to 4.0 weight% 
(included) , and all of [them having the] which have a 
perovskite structure, with an [alkalline] alkaline -earth metal 
oxide composing said compound, that is, CaO or SrO. 

Claim 11, line 3, delete "with sai d" insert — having 
said — ; 

line 5, delete "by" insert — in — . 
Claim 13, line 3, delete "conduct I've" insert 
— conductive — ; same line 3, delete "with" insert — having — ; 

line 4, delete "said"; same line 4, delete "by" 
insert — in — ; 

line 7, delete "ReO 3 " insert — Re0 3 — . 
Claim 14, line 3, delete "with" insert — having — . 

17. (amended) A method for manufacturing a semiconductor 
device, including a process for forming a conductive oxide 
layer [with] having an oxygen deficiency^, [by] comprising the 
steps of sputtering or evaporating elements composing said 
conductive oxide in a non-oxidizing atmosphere, and then 
forming a conductive oxide layer on said conductive oxide 



layer [with] having said oxygen deficiency, thereby forming a 
lower electrode layer on a substrate; a process for forming an 
oxide dielectric layer on said lower electrode layer; and a 
process for forming an upper electrode layer on said oxide 
dielectric layer , wherein 

said lower electrode layer consists mainly of two 
conductive oxide layers formed in the same crystal structure 
and consisting of the same element, but different from each 
other in oxygen composition ratio, and 

said lower and upper electrode layers, as well as said 
oxide dielectric layer j_ are combined thereby composing an 
oxide dielectric capacitor. 

Claim 18, line 1, delete "for" insert — of — . 

Claim 19, line 1, delete "for" insert — of — . 

Claim 20, line 1, delete "for" insert — of — ; 

line 3, delete "with" insert — having — ; 

line 5, delete "the" insert — a — ; 

line 6, delete "the" insert — a — ; 

line 7, after "is" insert — in — . 

21. (amended) A method [for] of manufacturing a 
semiconductor device in accordance with claim 17, wherein 

said conductive oxide layer [with] having said oxygen 
deficiency, which is formed in said double-layered conductive 
oxide layer, is then formed with [the] a sputtering method or 
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[the] a vacuum deposition method, and said non-oxidizing 
atmospheric gas consists of at least one type of gas selected 
from oxygen [ (O 2 ) ] fCO . nitric monoxide [ (N 2 0) ] SM2QI, 
nitric dioxide (N0 2 ) , and ozone (0 3 ) , and the pressure or 
partial pressure of said gas is 10 juTorr or below. 

Claim 22, line 9, after "layer" insert — , — . 

Claim 23, line 1, delete "devic e" insert — device — . 

Claim 26, line 3, after "type" insert — of — ; 

line 4, after "group" insert — consisting — . 
Claim 27, line 3, after "type" insert — of — ; 

line 4, delete "of IrO 2 " and insert — consisting 

of Ir0 3 — . 

Claim 28, line 1, delete "accor dance" and insert 
— accordance — ; 

line 4, delete "Ti i- x Al x ) 1-" insert 

— (Tix-xAlx) i-yNy } 

line 5, delete !l y N y " • 
Claim 29, line 1, delete "accordanc e" insert 
— accordance — . 

31. (amended) A method [for] of manufacturing a 
semiconductor device, [including;] comprising: 

a step [for] of forming a lower electrode layer including 
an aluminum titanium nitride layer on a substrate by 
sputtering in a nitridizing atmosphere; 
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a step [for] of forming an oxide dielectric layer on said 
lower electrode layer; and 

a step [for] of forming an upper electrode layer on said 
oxide dielectric layer, wherein 

both lower and upper electrode layers, as well as said 
oxide dielectric layer*, are combined thereby composing an 
oxide dielectric capacitor. 

Claim 32, line 1, delete "for" insert — of — . 
Claim 33, line 1, delete "for" insert — of—; 

line 4, delete "preventing" insert — prevents — ; 

line 5, after "oxidation" insert — and — . 
Claim 34, line 1, delete "for" insert — of — ; 

line 4, delete "preventing" insert — to prevent — . 

35. (amended) A semiconductor device, including [; ]_l 
a first area consisting of a semiconductor material; a 
second area connected to said first area and consisting of 
[said] a first conductive material; a third area connected to 
said second area and consisting of [said] a second conductive 
material; a fourth area connected to said third area and 
consisting of an oxide dielectric material; and a fifth area 
connected to said fourth area and consisting of a conductive 
material, wherein 



the material composition at the interface of said first 
area adjacent to said second area is approximately equal to 
the average material composition of said first area, and the 
material compositions at the interface of said second area 
adjacent to said first area, as well as to said third area x 
is approximately equal to the average material composition 
of said second area. 

36. (amended) A semiconductor device, including[ ; ] j_ 
a first area [consi sting] consisting of a conductive 
semiconductor material; a second area connected to said first 
area and consisting of [said] a first conductive material; a 
third area connected to [said] a second area and consisting of 
said second conductive material; a fourth area connected to 
said third area and consisting of an oxide dielectric 
material; and a fifth area connected to said fourth area and 
consisting of a conductive material, wherein 

the average resistivity of said first area is 
approximately equal to the resistivity of said semiconductor 
material and the average resistivity of said second area is 
approximately equal to the resistivity of said first 
conductive material. 

IN THE ABSTRACT OF THE DISCLOSURE; 

Delete line 2, and insert — A — ; 



line 3, delete "for" insert — of — ; same line 3, 
delete "that"; 

line 4, after "and" insert — is able — ; 

line 5, after "of" (first occurrence) insert — a — 

line 7, after "11," insert — an — ; same line 7, 
delete "dielectrics" insert — dielectric layer — ; 

line 11, delete "These" insert — The — ; 

line 12, delete "in" insert — to have — ; same line 
12, delete "with" insert — are of — ; 

line 14, delete "includes" insert — has an — ; 

line 15, delete "including" insert — which has an — 

line 17, after "interface" insert — , — ; 

line 18, delete "oxidation" insert — oxidizing — . 



REMARKS 

The specification has been amended to correct errors of 
typographical and grammatical nature. Due to the excessive 
corrections thereto, applicants submit herewith a Substitute 
Specification, along with a marked-up copy of the original 
specification for the Examiner's convenience. Applicants 
submit that the substitute specification includes the changes 
as shown in the marked-up copy and includes no new matter. 
Therefore, entry of the Substitute Specification is 
respectfully requested. 



The claims and abstract have also been amended to more 
clearly describe the features of the present invention and to 
correct the grammatical nature therein. 

Entry of the preliminary amendments and examination of 
the application is respectfully requested. 

To the extent necessary, applicant's petition for an 
extension of time under 37 CFR 1.136. Please charge any 
shortage in the fees due in connection with the filing of this 
paper, including extension of time fees, to Deposit Account 
No. 01-2135 (501.36894X00) and please credit any excess fees 
to such deposit account. 




Gregb'ry E. Kontone 
Registration No. 2 8,141 
ANTONELLI, TERRY, STOUT & KRAUS , LLP 



GEM/DRA/cee 
Attachments 
(703) 312-6600 



501.36894X00 
S.N. 09/242,046 

SUBSTITUTE SPECIFICATION 

Title of the Invention 

SEMICONDUCTOR DEVICE AND ITS MANUFACTURING METHOD 
Technical Field 

The present invention relates to a semiconductor device 
which is suitable for LSIs, as well as a method of 
manufacturing such a semiconductor device. The semiconductor 
device uses oxide dielectrics, especially oxide f erroelectrics 
in the formation of a capacitor. 
Background of the Invention 

Semiconductor devices consisting of LSIs such as dynamic 
random access memories (DRAMs) , etc. have been confronted with 
problems that the capacitor area must be reduced to cope with 
high integration of the LSI. In addition, such a semiconductor 
device must be prevented from having a complicated structure 
caused by the reduction of such the capacitor area. In order 
to solve these problems, therefore, consideration has been 
given to the use of oxide dielectrics and oxide f erroelectrics 
as the insulator of the capacitor, instead of silicon oxide 
and silicon nitride, which have been used so far. The relative 
dielectric constants of both oxide dielectrics and oxide 
f erroelectrics are as large as several hundreds to several 
thousands. (The oxide dielectrics mentioned here do not 
include silicon oxides, but concern so-called dielectrics 
whose relative dielectric constants are several hundreds.) The 
f erroelectrics have spontaneous polarization and a polarity 



that can be reversed using an external electric field. The 
reversed polarity can also be held. It has thus been proposed 
to use such f erroelectrics for non-volatile memories. A 
conventional memory composed of such f erroelectrics is 
disclosed in the official gazette of Unexamined Published 
Japanese Patent Application No-Sho-63-201998 (since oxide 
ferroelectrics can be regarded as dielectrics at temperatures 
above the Curie temperature, hereunder, the term dielectrics 
will be used to describe the ferroelectrics representatively) . 

Generally, lead zirconate titanate, strontium barium 
titanate, and the like are used as oxide dielectrics for 
memories. However, it has been difficult to use oxide 
dielectric capacitors for semiconductor devices used as 
conventional memories, etc., since high temperatures above 
500°C are needed to crystallize the oxide dielectrics in 
an oxidizing atmosphere. 

For example, it might be considered to adopt a structure 
(conventional structure 1; oxide dielectrics/platinum/ silicon) 
such that platinum can be used for a lower electrode which is 
resistant against both oxidation and thermal budget, provided 
under an oxide dielectric capacitor. However, platinum and 
silicon react with each other to form platinum silicide at 
their interface. Consequently, the electrical resistance of 
each electrode increases. Thus, the (conventional structure 1) 
allowing such a platinum electrode to come directly in contact 
with both the silicon substrate and polycrystalline silicon 
will not be suitable. Instead of conventional structure 1, 



therefore, another structure was proposed in 1989 IEEE Int. 
Solid-State Circuits Conf. Digest pp-242-243. In this 
structure, oxide dielectric capacitors are formed on a 
passivation layer. On the other hand, a MOS transistor is 
formed outside the capacitor area. And, a conductive wiring 
layer using aluminum, and the like is 

applied to connect the source or drain of the MOS transistor 
to the capacitor. In the case of this method that uses such a 
conductive wiring layer, it is difficult to reduce the area 
of each memory cell, so that the method is not suitable for a 
memory which is highly integrated. 

The official gazette of Unexamined Published Japanese 
Patent Application No. Hei-3-256358 disclosed a method for 
highly integrating a memory formed as follows; a semiconductor 
substrate provided with a MOS transistor formed thereon is 
coated with an insulating material; and on the substrate an 
oxide dielectric capacitor is formed. In this method, contact 
holes are formed in the insulator and a conductive material is 
filled in the contact holes thereby to connect either the 
source or the drain of the MOS transistor electrically to one 
of the two electrodes of the capacitor. Generally, 
polycrystalline silicon is used as the conductive material to 
be filled in the contact holes. This structure, however, could 
not avoid the occurrence of the above problems. In other 
words, a structure that crystallizes oxide dielectrics 
directly on polycrystal line silicon (conventional structure 
2; oxide dielectrics/polycrystalline silicon) oxidizes the 



interface between those materials, thereby forming a reaction 
insulating layer. On the other hand, in order to prevent the 
formation of such a reaction insulating layer, the 
(conventional structure 3; oxide dielectrics/platinum/ 
polycrystalline silicon) is required. In this structure, 
platinum is inserted between polycrystalline silicon and oxide 
dielectrics to cope with the problem. This structure is 
substantially the same as the (conventional structure 1) in 
configuration. Platinum and polycrystalline silicon react with 
each other, thereby forming silicide. As a result, the 
electrical resistance of each electrode increases, and silicon 
diffuses into the platinum as well, causing a silicon oxide 
film to be formed on the surface of the platinum, so that the 
characteristics of the dielectric capacitor are deteriorated. 
Another problem occurs, in that the elements composing the 
dielectrics diffuse into the silicon substrate. 

In order to solve those problems, the official gazettes 
of Unexamined Published Japanese Patent Application No. Hei-4- 
14862 and No. Hei-4-181766 disclosed a (fourth structure 4; 
oxide dielectrics/platinum/ (Ti, Ta, TiN, etc. ) /polycrystalline 
silicon) having a non-oxide anti-diffusion conductive layer 
(formed with Ti, Ta, TiN, etc.) so as to prevent inter 
diffusion between the platinum electrode and silicon. 

In addition to platinum, Ti, Ta, TiN, etc. used for 
electrode components,' conductive oxides are also used as each 
electrode of an oxide dielectric capacitor. Such an example is 
reported in (Journal of Material Research, Vol. 8 (1993) , 



pp.12). This typical example represents a (fifth structure; 
oxide dielectrics/ruthenium oxide/ Si0 2 ) . If oxide dielectrics 
can be put directly in contact with ruthenium oxide, an 
advantage will be obtained in that the mechanical adhesive 
strength at the interface between oxide dielectrics and 
electrode increases more than when oxide dielectrics is put in 
contact with a completely different type metallic electrode. 
Such an increase of the mechanical adhesive strength between 
oxide dielectrics and the electrode can improve the 
characteristics of the oxide dielectric capacitor, such as the 
polarization cycle, etc. In this example, the capacitor is 
formed on Si0 2 . If the capacitor is formed on polycrystalline 
silicon, however, ruthenium oxide, which is an oxide, should 
not be put in contact directly with polycrystalline silicon 
for the same reasons as in the case of the (conventional 
structure i) and the (conventional structure 3) . And. in order 
to prevent such a direct contact, a noble metallic layer made 
of platinum, ruthenium, and the like should be formed between 
them. In this case, the (conventional structure 6; oxide 
dielectrics/ruthenium oxide/ (platinum/ ruthenium, etc. ) / 
polycrystalline silicon) will be used suitably. 
Summary of the Invention 

In the above related art, description was made of 
conventional technology to be applied to memories to be 
integrated more highly by coating a MOS-transistor-f ormed- 
semiconductor substrate with an insulating material, and then 
forming an oxide dielectric capacitor thereon. As described 



above, the source or drain of the MOS transistor is connected 
electrically to one of the two electrodes of the capacitor 
through contact holes, which are generally filled with a 
conductive material consisting of polycrystal line silicon. 
And, the following two structures are adopted for the 
conventional technology described above: 
(Conventional Structure 4) 

Oxide dielectrics/platinum/ (Ti, Ta, TiN, etc.)/ 
polycrystalline silicon 
(Conventional Structure 6) 

Oxide dielectrics/ruthenium oxide/ (platinum, ruthenium, 
etc. ) /polycrystalline silicon 

Each of the above structures includes the following 
problems. 

At first, the (conventional structure 4) will be 
described. In order to crystallize oxide dielectrics, an 
oxidizing atmosphere at 500°C or higher is required. Under 
such a condition, however, oxygen diffuses along grain 
boundaries, etc. of platinum crystal grains, to cause oxygen 
to reach the anti-diffusion non-oxide conductive layer (Ti, 
Ta, TiN, etc.) to oxidize even that layer. Consequently, the 
electrical resistance of the electrode itself increases. In 
order to avoid such a problem, the thickness of the platinum 
layer is increased. This method, however, makes it difficult 
to process the platinum layer, and results in an increase in 
leakage current from the side wall of the capacitor. This is 
because the aspect ratio of the capacitor increases if the 



memory is highly integrated and a fine capacitor is formed. 
And, this is why the (conventional structure 4) cannot solve 
the conventional technology problems if Ti, Ta, TiN, etc. are 
used for an anti-interdif fusion layer. 

Next, the (conventional structure 6) will be described. 
Also in this case, the ruthenium oxide layer is usually formed 
in an oxidizing atmosphere. Oxygen diffusion reaches up to 
polycrystalline silicon through the (platinum, ruthenium, 
etc.) layers, preventing the (conventional structure 6) from 
solving the conventional technology problems, including the 
one that an insulating layer is formed by oxidation. 

Such conventional technology problems also occur not only 
from the specific materials described above, but also from 
layers consisting of (platinum, ruthenium, etc.) classified 
into noble metals, layers consisting of (Ti, Ta, TiN, etc.) 
classified into an anti-diffusion non-oxide conductive layer, 
and a ruthenium oxide layer classified into a conductive oxide 
even when those materials are classified according to more 
general categories. In other words, both (conventional 
structure 4) and (conventional structure 6) are represented 
using more general material categories, that is, oxide 
dielectric/noble metal/anti-diffusion non-oxide dielectric 
layer /polycrystalline silicon in the (conventional structure 
7) and oxide dielectric/ conductor oxide/noble metal/ 
polycrystalline silicon in the (conventional structure 8) . The 
problems caused by each of the above layers which make up the 
above-described capacitor are summarized as follows. 



At first, a noble metal layer will cause the following 
problems, (a) A noble metal layer will possibly cause a high 
resistance silicide to be formed if it comes in contact with 
silicon, (b) A noble metal layer will possibly become a 
diffusion path between chemical elements composing silicon, 
oxygen, and oxide. The problems which arise from oxide 
dielectric and conductive oxide layers will be as follows, 
(c) Such a layer will possibly oxidize the electrodes, thereby 
increasing the electrode resistance or insulating electrodes. 
Finally, an anti-diffusion non-oxide conductive layer will 
cause the following problem, (d) The layer will possibly be 
oxidized and its resistance will increase significantly. 

If the characteristics of both (conventional structure 7) 
and (conventional structure 8) are considered here, the 
(conventional structure 9) will be considered based on an 
analogy of them. The (conventional structure 9) is obtained 
by compounding both of the structures simply. (Conventional 
Structure 9; oxide dielectric/conductive oxide/noble 
metal/anti-diffusion non-oxide conductive layer/ 
polycrystalline silicon) 

In this case, if an anti-diffusion non-oxide conductive 
layer is inserted, it is possible. to solve, one of the problems 
a) (silicidation) and (b) (the diffusion of chemical elements 
composing silicon and ox ides) . However, the above problems 
(b) , (c) , and (d) related to oxygen diffusion and oxidation of 
electrodes remain unsolved just like the (conventional 
structure 4) , since the conventional indispensable conditions 



for forming oxides in an oxidizing 
atmosphere are not improved at all. 

In other words, the conventional technology cannot solve 
the problems such as oxygen diffusion and oxidation both 
caused by such oxides as oxide dielectrics and conductive 
oxides against such non-oxides as noble metals, anti-diffusion 
non-oxide conductive layers and polycrystalline silicon, not 
only when an oxide comes in contact with polycrystalline 
silicon directly, but also when an oxide comes in contact with 
polycrystalline silicon via a noble metal, as well as when an 
oxide comes in contact with an anti-diffusion non-oxide 
conductive layer via a noble metal. 

As described above, in order to connect an oxide 
dielectric material to polycrystalline silicon electrically, 
an anti-oxidation layer must be formed between them. 
Conventionally, there has been no effective anti-oxidation 
layer. Instead of such a layer, therefore, a metallic layer 
consisting of platinum, etc. has been formed between them. 
Unfortunately, oxygen diffuses even at grain boundaries of 
such a metallic layer, thereby reaching the anti-oxidation 
layer and probably resulting in oxidation of the layer. The 
thickness of the metallic layer was increased in some cases to 
compensate for this disadvantage, but this resulted in an 
increase of the aspect ratio of the capacitor. This method 
will thus be undesirable for forming fine-structured memory 
cells. To solve this problem, therefore, a new and effective 
anti-diffusion or anti-oxidation layer has been awaited. 
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Under such circumstances, it is a first object of the 
present invention to provide a semiconductor device, which can 
solve the above conventional technology problems. In order to 
achieve the first object, the semiconductor device of the 
present invention is provided with a fine-structured memory, 
which can be highly integrated using an oxide dielectric 
material (including f erroelectrics) for the insulator of the 
capacitor. 

It is a second object of the present invention to provide 
a method of manufacturing such a semiconductor device. 

In order to solve the above problems, the semiconductor 
device of the present invention, which includes a capacitor 
consisting of an oxide dielectric layer formed on the top 
material, connects a semiconductor surface of a semiconductor 
substrate or on a substrate to an oxide dielectric material 
via at least two layer areas, each of which consists of a 
conductive material different from the other. The materials of 
these two conductor areas (or material compositions) are 
combined thereby suppressing an increase of the electric 
resistance generated in the conventional technology in the 
anti-diffusion or anti-oxidation layer disposed between a 
semiconductor area and an oxide dielectric material area. 

The semiconductor device of the present invention 
comprises a first area consisting of a semiconductor 
material which is conductive (wiring layers and electrodes 
consisting of a semiconductor substrate or a semiconductor 
film) ; a second area connected to the first area and 
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consisting of a first conductive material; a third area 
connected to the second area and consisting of a second 
conductive material; a fourth area connected to the third 
area and consisting of an oxide dielectric material; and a 
fifth area connected to the fourth area and consisting of 
a conductive material. Thus, the semiconductor device of 
the present invention has characteristics as follows in terms 
of the basic configuration; that is, the material composition 
at the interface adjacent to the second area in the first area 
is approximately equal to the average material composition of 
the first area, and the material composition at the interface 
adjacent to the first area in the second area, as well as the 
material composition at the interface adjacent to the third 
area in the second area are approximately equal to the average 
material composition of the second area, respectively. As 
understood from these characteristics, the third and fifth 
areas form a capacitor via the fourth area. The oxide 
dielectric material which forms the fourth area may be 
replaced with a so-called ferroelectric material indicating a 
characteristic (hysteresis) that a polarization value is 
changed differently between increasing and decreasing an 
applied electrical field. 

The present invention is characterized mainly as follows: 
The semiconductor is composed so that the first area has a 
material composition, which is approximately equal to the 
composition of the semiconductor material which forms the 
first area at the interface adjacent to the second area, and 



so that the second area has a material composition, which is 
approximately equal to the composition of the first conductive 
material at the interface adjacent to the first area and to 
the third area. In other words, the semiconductor device of 
5 the present invention is composed so as to make the material 
composition approximately homogeneous within the first and 
second areas, respectively. And, there is no material (silicon 
oxide, metallic silicide, titanium oxide, etc. described 
above) that increases the electrical resistance in those 
10 areas. The materials that increase the electrical resistance 
=0 as described above or the materials having an electrical 

£ insulating property actually (hereunder, to be referred to as 

1 a high resistance material) are formed around each interface 

t- between areas in a process in which the second to fourth areas 

hp are multi-stacked sequentially on the first area. On the 

contrary, according to the semiconductor device of the present 
"% invention, the first and second conductive materials are 

'44 selected properly so as to prevent the formation of a high- 

resistance material at the interface between the first and 
20 second areas, as well as at the interface between the second 

and third areas; and further, the first area is formed so that 
its material composition at the interface adjacent to the 
second areas becomes approximately equal to the average 
material composition in the first area, and the second area is 

2 5 formed so that its material composition at the interface 

adjacent to the first area, as well as at the interface 
adjacent to the third area become approximately equal to the 
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average material composition in the second area. It will thus 
be understood clearly here that no high resistance materials 
are formed at the interface between the third and fourth areas 
because of the use of a noble metal of the (conventional 
structure 7) or the use of a conductive oxide of the 
(conventional structure 8) in the third area. In addition, an 
area (layer) consisting of a conductive material composed 
differently from the first and second conductive materials may 
be formed between the third and fourth areas; thereby, to 
improve the electrical conductivity needed between the first 
and third areas or improve the conditions for forming an oxide 
in the fourth area. In terms of the same aspect, an area 
(layer) consisting of a conductive material composed 
differently from the first and second conductive materials may 
be formed between the first and second areas. In short, what 
is important is that the second and third areas are connected 
to each- other. 

In an embodiment of the present invention, it is most 
important that the first and second conductive materials 
should be selected properly. There are two guidelines for 
selecting conductive materials. The object of the first 
guideline is as follows; two conductive materials are 
conductive oxides composed of the same chemical element and of 
the same framework of the crystal structure. The composition 
ratio of oxygen in the first conductive material is set lower 
than that in the second conductive material. In other words, 
the first conductive material is driven into an oxygen 



deficiency state. The object of the second guideline is as fol 
lows; aluminum titanium nitride (TiAIN) is used as the first 
conductive material and an anti-oxidation metallic material is 
used as the second conductive material. In any of the 
guidelines, the two conductive materials should preferably be 
selected from those materials having a resistivity which is 10 
mQm (0.01 Qcm) or under respectively. Hereunder, the present 
invention will be described in detail with reference to each 
of the guidelines. In the following description, the first to 
third areas (including a conductive material layer if it is 
provided between the third and fourth areas) will be referred 
to as the lower electrode and the fifth area as the upper 
electrode. 

1. Guideline 1 for selecting conductive materials 

This guideline is directed to formation of the second and 
third areas used as a double- layered conductive oxide layer, 
which can suppress oxygen diffusion and oxidation (the third 
object of the present invention) in order to achieve the 
first object of the present invention, as well as to provide 
a method of manufacturing the double-layered conductive oxide 
layer, which can suppress oxygen diffusion and oxidation (the 
fourth object of the present invention) to achieve the second 
object of the present invention. 

Here, description will be made first concerning the 
structure of a semiconductor device that uses a capacitor 
consisting of an oxide dielectric material, especially the 
structure of a semiconductor device composed of a double- 
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layered conductive oxide layer, etc. including a conductive 
oxide layer with oxygen deficiency. Next, description will be 
made sequentially concerning the characteristics and concrete 
examples of metallic layers, the characteristics, and concrete 
examples of anti-diffusion non-oxide conductive layers, and 
concrete examples of oxide dielectric materials. Description 
will also be made concerning the characteristics and concrete 
examples of double-layered conductive oxide layers including a 
conductive oxide layer with oxygen deficiency, respectively, 
together with means for achieving the second object of the 
present invention described above, that is, a method of 
manufacturing a semiconductor device of the present invention. 
The method for achieving the third object of the present 
invention will also described in detail, together with the 
method for achieving the first and second objects. The method 
for achieving the fourth object of the present invention will 
be described in detail, together with the method for achieving 
the second object. 

Next, description will be made concerning a semiconductor 
device that will achieve the first object of the present 
invention described above. The semiconductor device of the 
present invention includes a capacitor composed of oxide 
dielectrics used as an insulator. Fig. 1 shows a schematic 
diagram of such a capacitor composed of oxide dielectrics. 
Fig. 1 does not show a detailed structure of the capacitor of 
the semiconductor device, which is composed of oxide 
dielectrics. It shows multi-stacked layers of the capacitor in 
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order to simplify the structure. An oxide dielectric capacitor 
consists of a lower electrode layer 11 formed on a substrate 
(shown only in the direction of the substrate side 10 in Fig. 
1) , an oxide dielectric layer 16 formed on the layer 11, and 

5 an upper electrode layer 17 formed on the layer 16. The lower 
electrode layer 11 includes a conductive oxide layer 12 and 
this conductive oxide layer 12 consists of two adjacent layers 
14 and 15, which have the same crystal structure and consist 
of the same chemical elements. Each of the layers 14 and 15 

10 has a composition ratio of oxygen different from the other. In 
other words, only the conductive oxide layer 14 positioned at 
the substrate side has an oxygen deficiency. These conductive 

T- oxide layers 14 and 15 correspond to the second and third 
areas described above. 

^5 in such a semiconductor device, the lower electrode layer 

2; 11 is connected electrically to the source area or the drain 

« area of a MOS transistor formed on the substrate via the lower 

electrode layer component 13 including at least more than one 
layer formed closer to the substrate than the conductive oxide 

20 layer 14 with oxygen deficiency. Hereunder, an example of this 
lower electrode layer component 13 will be described in detail 
with reference to Figs .2,3 and 4 . 

Fig. 2 shows a configuration of an oxide dielectric 
capacitor when the lower electrode layer component 13 which 

2 5 is positioned closer to the substrate than the conductive 

oxide layer 14 with oxygen deficiency in Fig. 1 consists of a 
conductive polycrystalline silicon layer 20. The conductive 
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polycrystalline silicon layer 2 0 mentioned here corresponds to 
the first area described above. A structure in which an oxide 
comes in contact with silicon directly is not favorable as 
described above with respect to the conventional structure, 
since silicon is oxidized unavoidably under typically 
necessary conditions for crystallizing the oxide, that is, at 
500°C or higher in an oxidizing atmosphere. According to the 
present invention, however, the conductive oxide layer 14 with 
oxygen deficiency is formed adjacent to the polycrystalline 
silicon layer 20, so that the structure as shown in Fig. 2 is 
realized. The characteristics of the double- layered conductive 
oxide layer 12 including the conductive oxide layer 14 with 
oxygen deficiency will be described later. 

Fig. 3 shows the configuration of an oxide dielectric 
capacitor when the component 13 forming the lower electrode 
layer consists of a non-oxide conductive layer for anti- 
diffusion 3 0 and a conductive polycrystalline silicon layer 
20. The lower electrode layer is positioned closer to the 
substrate side than the conductive oxide material 14 with 
oxygen deficiency as shown in Fig. 1. The anti-diffusion non- 
oxide conductive layer 3 0 corresponds to a layer formed 
between the first and second areas described above. The 
conventional technologies cannot avoid oxidization of the 
anti-diffusion non-oxide conductive layer caused by the oxygen 
that diffuses at grain boundaries in a noble metal at 500 °C or 
over in an oxidizing atmosphere, even when a noble metal is 
used to separate the oxide from the anti-diffusion non-oxide 
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conductive layer as seen in the (conventional structure 7) . 
Those are typical conditions needed to crystallize an oxide. 
Thus, such a structure which places an oxide in contact 
directly with the anti-diffusion non-oxide conductive layer 3 0 
as described above is not suitable. According to the present 
invention, however, when a conductive oxide layer 14 with 
oxygen deficiency is positioned adjacent to the anti-diffusion 
non-oxide conductive layer 30, the structure as shown in Fig. 
3 is realized. The characteristics of the double- layered 
conductive oxide layer 12 including the conductive oxide layer 
14 with oxygen deficiency will be described later. 

Fig. 4 shows the configuration of an oxide dielectric 
capacitor when the component 13 forming the lower electrode 
layer positioned closer to the substrate side than the 
conductive oxide material 14 with oxygen deficiency shown in 
Fig. 1 consists of a metallic layer 40, an anti-diffusion non- 
oxide conductive layer 30, and a conductive polycrystalline 
silicon layer 20. The metallic layer 40 and the anti-diffusion 
non-oxide conductive layer 3 0 correspond to a layer formed 
between the first and second areas described above. The 
conventional technologies cannot avoid oxidization of the 
anti-diffusion non-oxide conductive layer, which is caused by 
oxygen diffusion through the metallic layer 40 at 500°C or 
higher in an oxidizing atmosphere, which are typical 
conditions needed to crystallize oxides. In order to suppress 
such oxidization, therefore, the thickness of the metallic 
layer 40 must be increased as described above. According to.. 
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the present invention, however, a conductive oxide layer 14 
with oxygen deficiency is positioned adjacent to the metallic 
layer 40. The structure as shown in Fig. 4 is thus realized 
regardless of how thin the metallic layer 40 is. The 
characteristics of the double-layered conductive oxide layer 
12 including the conductive oxide layer 14 with oxygen 
deficiency will be described later. 

A noble metal highly resistant to oxidization will be 
considered as a candidate for forming such a metallic layer. 
Concretely, among noble metals, at least one of the following 
noble metal elements will be suitable; platinum which is 
highly resistant to oxidization, ruthenium, or iridium 
composed of the same element as the noble metal element 
included in the conductive oxide layer to be described later. 

Hereunder, materials suitable for the anti-diffusion 
non-oxide conductive layer will be described. Necessary 
conditions to satisfy the requirements of the anti-diffusion 
non-oxide conductive layer 30 are conductivity at first, then 
resistance to oxidization, and resistance to reaction with 
silicon. Compounds to be considered as candidates for the 
anti-diffusion non-oxide conductive layer 3 0 are nitride, 
silicide, boride, and carbide. The anti-reaction to silicon is 
stable in any of those compounds. Any of them can be used with 
no problem. Of course, if the object semiconductor device is 
annealed at 1000°C or higher, the elements of any of those 
compounds will react to silicon, thereby forming reaction 
products of high resistance or insulation properties possibly. 
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However, a back-end process including the formation of an 
oxide dielectric capacitor for a semiconductor device will 
require only a heating condition of 800° at the highest for a 
few minutes, which will not form such reaction products caused 
by mutual diffusion of elements. The reaction to silicon can 
thus be neglected. As for the resistance to oxidization, there 
will arise no problem in the case where the conductive oxide 
layer with oxygen deficiency of the double- layered conductive 
oxide layer is put adjacent to the anti-diffusion non-oxide 
conductive layer (Fig. 3) . As will be described later, this is 
because the conductive oxide layer with oxygen deficiency must 
be formed in a non-oxidizing atmosphere and the conductive 
oxide layer with oxygen 

deficiency functions as an obstacle in the oxygen diffusion 
path. In addition, since the conductive oxide layer with 
oxygen deficiency is over-stacked on the anti-diffusion non- 
oxide conductive layer 3 0 with a metallic layer therebetween 
(Fig. 4) , the anti-diffusion non-oxide conductive layer 30 is 
separated farther from the oxide layer. In addition, forming a 
metallic layer adjacent to the anti-diffusion non-oxide 
conductive layer has never caused any problem conventionally. 

Hereunder, a concrete example of the anti-diffusion 
non-oxide conductive layer will be described. A nitride 
will be suitable if it includes at least one of such metal 
types as Ti, Ta, Z r, Nb, V, and W, since it becomes very 
conductive. In addition to those materials, a silicide such as 
Ti, a boride such as La, and a carbide such as Ti, will also 



be suitable. 

Next, materials suitable for an oxide dielectric layer 
will be described. Ferroelectric materials are also oxide 
dielectric materials, of course. There is no reason to limit 
the materials. There are some well-known materials as shown 
below, however. Typical examples of oxide dielectrics of which 
the center element is titanium are; lead zirconate titanate 
obtained by replacing part or all of the titanium with 
zirconium, lead barium zirconate titanate obtained by 
replacing part or whole of the lead with barium, and barium 
strontium titanate including only alkaline earth metals, etc. 
As typical examples of bismuth-system dielectrics composed in 
a layered structure, there are bismuth layered dielectrics 
such as Bi 4 Ti 3 0 12 , SrBi 2 Ta 2 0 9 , etc. 

In addition to those well-known oxide dielectrics and 
oxide ferroelectrics, new oxide dielectrics and oxide 
ferroelectrics to be discovered in the future, etc. are usable 
as the oxide dielectric layer described above. 

Next, the characteristics of the double-layered 
conductive oxide layer 12 including a conductive oxide layer 
with oxygen deficiency will be described, as mentioned in the 
description of the structures shown in Figs. 2 to 4 . Here, 
description will be made for the structure, function, and 
manufacturing method of the double-layered conductive oxide 
layer in order to achieve the method of manufacturing the 
semiconductor device, which is the second object of the 
present invention, the function of the double-layered 



conductive oxide layer that can suppress oxygen diffusion and 
oxidation, which is the third object of the present invention, 
and the method of manufacturing the double-layered conductive 
oxide layer, which is the fourth object of the present 
invention. 

As described above, it is the oxidizing of the anti- 
diffusion non-oxide conductive layer and polycrystalline 
silicon that are already stacked that creates a problem when 
forming an oxide layer for dielectrics and electrodes. The 
oxidation is caused by an oxidizing atmosphere, which is 
indispensable for forming oxide layers. What must be 
emphasized here is that the problem is not due to a reaction 
between oxide and silicon or between oxide and an anti- 
diffusion non-oxide conductive layer. In terms of the standard 
Gibbs free energy, oxides composed of alkari earthmetals such 
as Sr and Ca, and transition elements such as Ru and Ti are 
more stable than oxidation of Si. An anti-diffusion non-oxide 
conductive layer composed of nitride, silicide, boride, and 
carbide of transition metals cannot be expected to be oxidized 
through reaction with an oxide in terms of the free energy. If 
anything, they are all oxidized by an oxidizing active gas in 
the atmosphere needed for forming an oxide layer. 
Consequently, the present inventor has concluded that the 
above problems can be solved if an oxide layer is formed in a 
non-oxidizing atmosphere in expectation that the other 
elements which make up the semiconductor device of the present 
invention would not be oxidized. 



Generally, the oxide dielectrics (including 
f erroelectrics) forming an oxide dielectric-capacitor and 
oxide films such as conductive oxide electrodes are formed 
in an oxidizing atmosphere. This is mainly because oxides 
are unstable chemically in a non-oxidizing atmosphere and 
no oxide film is formed or even when it is formed, its 
characteristics are not satisfactory. Because the vapor 
pressure of typical elements is high, film formation under 
an insufficient oxidizing condition surely causes selective 
evaporation, that is, a variation in composition in oxide 
f erroelectrics including group-4 and group-5 typical elements 
such as lead and bismuth. At the same time, since decomposed 
products other than object compounds also come to be mixed, 
the ferroelectric properties are degraded significantly. In 
addition, the non-oxidizing atmosphere causes oxygen 
deficiency in the object compound. In the case of oxide 
dielectrics including group-4 transition elements such as 
titanium and zirconium, oxygen deficiency will cause the 
dielectric constant to be lowered, which causes a leakage 
current to flow. Consequently, it is not realistic to form 
an oxide dielectric film in a non-oxidizing atmosphere. 

As for another oxide for forming oxide dielectric 
capacitors, that is, conductive oxide electrodes, it was 
expected that films could be formed in a non-oxidizing 
atmosphere as long as this does not affect the characteristics 
of electrodes or the object semiconductor device even when 
oxygen deficiency was introduced into compounds and 



simultaneously decomposed products were mixed while the films 
were formed in a non-oxidizing atmosphere. In other words, the 
oxygen deficiency reduces or increases the charge density, as 
well as changes its mobility, thereby increasing its 
resistivity. However, no problem arises as long as the 
resistivity required for the electrode layer is secured. 
Forming films in a non-oxidizing atmosphere will also create 
no problem as long as the resistance required for the 
electrode layer is secured even when the resistivity is 
increased by coexistence of some decomposed products. 

The component 13 of the lower electrode layer adjacent 
to the conductive oxide layer 12 in Fig. 1, corresponds to 
the polycrystalline silicon layer 20 in Fig. 2, the anti- 
diffusion non-oxide conductive layer 3 0 in Fig. 3, and the 
anti-diffusion non-oxide conductive layer 3 0 through the 
metallic layer 40 in Fig. 4, respectively. In order to 
prevent those layers from oxidizing, the present inventor 
thought it would be better to form the side 14 at which the 
conductive oxide layer 12 was adjacent to the component 13 
(20, 3 0 and 40) of the lower electrode layer in a non- 
oxidizing atmosphere. The layer 14 was thus formed up to a 
certain" thickness. And, the rest of the layer 15 of the 
conductive oxide layer 12 was formed continuously in an 
oxidizing atmosphere by changing the oxidizing activity of 
only the film deposition conditions, such as the oxygen 
pressure and the type of the oxidizing gas. In other words, 
the conductive oxide layer 12 is composed of two adjacent 
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layers 14 and 15, and these two layers are formed to have the 
same crystal structure and of the same element, but 
differently from each other in the composition ratio of 
oxygen. Only the layer 14 of the two adjacent layers includes 
an oxygen deficiency. The layer 14 is positioned at the 
component 13 side of the lower electrode layer, that is, at 
the substrate side. 

Since the conductive oxide layer 14 is formed in a non- 
oxidizing atmosphere, the adjacent lower electrode layer 
component 1.3 (polycrystalline silicon layer 20, the 
anti-diffusion non-oxide conductive layer 30, and the 
metallic layer 40) is not oxidized. The conductive oxide 
layer 14 with oxygen deficiency, after it is formed once, 
is stable in terms of the standard Gibbs free energy. Then, 
the component 13 (20, 30, and 40) of the lower electrode 
layer is also not oxidized. And, as shown in Fig. 4, even 
when a metallic layer 40 is inserted therebetween, the 
anti-diffusion non-oxide conductive layer 30 is never oxidized 
by oxygen diffusion, so that the thickness can be reduced as 
much as possible. 

After the formation of the conductive oxide layer 14 
with oxygen deficiency, the conductive oxide layer 15 and 
the oxide dielectric layer 16 are formed in an oxidizing 
atmosphere. If the conductive oxide layer 14 includes an 
oxygen deficiency, the layer 14 acts as a diffusion buffer 
layer against oxygen even when those layers 15 and 16 are 
formed in an oxidizing atmosphere. In other words, even when 



the surface of the conductive oxide layer 14 with oxygen 
deficiency is exposed to an oxidizing gas, the layer 14 acts 
as a buffer layer against the oxygen diffusion ions, and 
captures diffusing oxygen ions as well- Since the conductive 
oxide layer 14 itself is stable in terms of the standard Gibbs 
free energy, the layer 14 acts as an anti-oxidation layer for 
the component 13 (20, 30, and 40) of the lower electrode 
layer. 

Consequently, the double-layered conductive oxide layer 
including a conductive oxide layer with oxygen deficiency, 
which is formed in a non-oxidizing atmosphere, acts as an 
excellent oxidation resistant film and an oxygen diffusion 
bar r ier 1 ayer . 

The thickness of the conductive oxide layer 14 (with 
oxygen deficiency) , which is formed in a non-oxidizing 
atmosphere/ should preferably be lOnm or larger. The reason is 
that the component 13 (2 0, 30, and 40) of the lower 
electrode layer is completely covered so as to be prevented 
from oxidizing when the conductive oxide layer 15 and the 
oxide dielectric layer 16 are formed in an oxidizing 
atmosphere. The upper limit, is not determined specially for 
the thickness. All of the conductive oxide layers 12 may be 
composed of a conductive oxide layer 14 (with oxygen 
deficiency) which is formed in a non-oxidizing atmosphere. 
In this case, however, since the following oxide dielectric 
layer 16 is formed off course in an oxidizing atmosphere, 
the interface of conductive oxide layer 14 adjacent to the 
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oxide dielectric layer 16 is oxidized. Consequently, a thin 
layer 15 is formed at the interface. The double-layered 
conductive oxide layer 12 can thus be formed. 

Hereunder, a non-oxidizing atmosphere will be described 
with respect to a method for manufacturing the double- layered 
conductive oxide layer. A one type of non-oxidizing atmosphere 
is an atmosphere including a hydrogen gas and a reducing gas. 
In such a reducing atmosphere, however, much oxygen is taken 
out while an oxide film is grown in the film deposition 
process. The film is thus possibly reduced to a metal. A 
milder non-oxidizing atmosphere is an inactive gas atmosphere 
that uses inert gases such as argon and helium, or a vacuum 
into which none of oxidizing gases such as oxygen (0 2 ) , nitride 
monoxide (N 2 0) , nitric dioxide (N0 2 ) , ozone (0 2 ) , etc. is 
introduced intentionally. If the component 13 of the lower 
electrode layer is assumed to be an anti-diffusion non-oxide 
conductive layer 30 (or a metallic layer 40) and a conductive 
oxide layer to be formed is more reactive to oxygen than the 
anti-diffusion non-oxide conductive layer 30, it can apply a 
weak oxidizing atmosphere including oxidizing gases such as 
oxygen, nitrogen monoxide, nitrogen dioxide and ozone, etc. 
slightly. In other words, as described in the conventional 
technologies, there is a greater possibility that the anti- 
diffusion non-oxide conductive layer is oxidized in a 
remarkable oxidizing atmosphere. In the atmosphere including a 
slight oxidizing gas, the anti-diffusion non-oxide conductive 
layer is not oxidized while a conductive oxide layer with 



oxygen deficiency can be formed. This is because an energy 
barrier for oxidation exists between the anti-diffusion 
non-oxide conductive layer in which compounds are already 
formed and the conductive oxide layer. 

Concretely, the condition of a non-oxidizing atmosphere 
depends on respective film deposition methods with which a 
conductive oxide layer is formed. At first, when an oxide film 
is formed in an inert gas or inactive gas atmosphere or in a 
vacuum, no oxygen is supplied from the growth environment. The 
film deposition source must include oxygen. This film 
deposition category includes a sputtering method, a laser 
deposition method, both of which use a sintered oxide target, 
an electron beam evaporation method that uses an oxide 
evaporation source, etc. Since the sputtering method needs a 
discharge gas, introduction of argon (Ar) gas of 3N (99.9%) or 
up in purity by a few mTorr to a few tens of mTorr will do. It 
should be avoided, however, to use a gas of low purity, since 
such a gas brings about an unexpected result such as unstable 
discharge, precipitation of impurity phases, etc. The laser 
deposition method can form oxide films in a vacuum. Of course, 
no problem will occur if any of the inert gases are used just 
like in the sputtering method, but it makes no sense 
principally. Films can also be formed by an electron beam 
deposition method that uses an oxide evaporation source. The 
vacuum mentioned here is a state achieved by any of the known 
evacuation devices without introducing oxidizing gases such as 
oxygen, nitrogen monoxide, nitrogen dioxide, ozone, etc. 



intentionally. The pressure should preferably be ljuTorr or 
under in terms of the non-oxidizing atmosphere in both laser 
deposition and electron beam deposition methods. 

Each of the film deposition methods described above 
can be applied to form an oxide film on the anti-diffusion 
non-oxide conductive layer (including a case when the layer 
is formed via a metallic layer) in a weak oxidizing atmosphere 
including oxidizing gases such as oxygen, nitrogen monoxide, 
nitrogen dioxide, ozone, etc. slightly. The sputtering method 
is just required to include an oxidizing gas used as a 
discharge gas. The laser deposition method is just required to 
include an oxidizing gas. The electron beam deposition method, 
when used in a vacuum, can use only an oxide as an evaporation 
source. When it is used in a weak oxidizing atmosphere, 
however, it can also use a metal evaporation source. 
Consequently, the method can use a heater such as an effusion 
cell (K cell) as a heating source in addition to the electron 
beam. The pressure should preferably be 10 £itorr or lower in 
total pressure or partial pressure of the oxidizing gas in use 
in terms of the non-oxidizing atmosphere in any of the 
sputtering method, the laser deposition method, and other 
deposition methods that use an electron beam and a heater. 

On the basis of the ideas described above, the 
following results have been obtained when checking the 
conductive oxides that can satisfy the conditions with 
respect to the rutile structure, the perovskite structure, 
and the Re03 structure in which many conductive oxides are 
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known: (a) The resistivity in the room temperature is 0.01 
Qcm or lower, (b) Possible to be stabilized in a non- 
oxidizing atmosphere and under typical conditions (oxygen 
pressure of 1 /xTorr and temperature of 70 0°C. 

In order to satisfy the above requirement (b) , it is 
not desirable that a conductive oxide is composed of a multi- 
valent ion, such as a positive center cation. Consequently, 
conductive oxides including Cr, Mn, Fe, Co, Ni, Cu, and V are 
excluded. 

There are two conductive oxides that crystallized in 
the rutile structure; Ru0 2 and Ir0 2 . 

There are three conductive oxides that crystallized in 
the perovskite structure: CaRu0 3 and SrR0 3 whose center element 
is Ru (ruthenium) , and (La, Sr) Ti0 3 in which part of Sr of 
SrTiO s whose center element is Ti (Titanium) is replaced with 
La by over 0.5 weight % to 4.0 weight % (included) in 
quantity. 

Re0 3 is another conductive oxide that takes the Re0 3 
structure . 

When forming a conductive oxide in a non-oxidizing 
atmosphere, oxygen deficiency is introduced as described 
above. In the thermal equilibrium state, only a slight oxygen 
deficiency of 0.1% or lower is introduced as a point defect, 
but film deposition is often carried out in a non-equilibrium 
state. Thus, an extra oxygen defect is easily frozen 
excessively unlike in the thermal equilibrium state. It is 
very difficult, however, even with the current analysis 



technique to measure an oxygen defect concentration specific 
to films. Actually, it is impossible to define an oxygen 
defect concentration with an accurate value. On the other 
hand, no remarkable impurity was identified when a crystal 
structure of the film which was deposited in a non-oxidizing 
atmosphere was analyzed by an X-ray dif f ractometer . The 
stoichimetry of cations could be confirmed in the 
compositional analysis using the ICPS (inductivity-coupled 
Plasma Spectroscopy) . At this time, the resistivity increased 
by almost 10% in maximum compared to deposition of the same 
films in an oxidizing atmosphere. This suggests that an oxygen 
deficiency is surely introduced. 

A film formed in a non-oxidizing atmosphere will be 
defined concretely as follows on a condition that the 
permissible oxygen deficiency allows an objective structure 
to be kept stable. For the rutile structure, it is defined 
that an oxygen deficiency x is larger than 0 and smaller than 
a value that enables the rutile structure to be kept stable 
in the chemical formula M0 2 _ x with oxygen deficiency in which 
both Ru and Ir transition elements are represented by M. For 
the perovskite structure, it is defined that the oxygen 
deficiency x is larger than 0 and smaller than a value (upper 
limit value) that enables the perovskite structure to be 
kept stable in the chemical formula AM0 3 . x with oxygen 
deficiency in which both Ru and Ti transition elements are 
represented by M, and Ca, Sr, and La elements are represented 
by A, respectively. At this time, even when an anti-site 



defect is introduced between cations due to the introduced 
oxygen deficiency, such that the lattice constant becomes 
larger than the standard bulk value, the basic framework is 
judged to be still within the category of the perovskite 
structure. For the Re0 3 structure, it is defined that the 
oxygen deficiency x is larger than 0 and smaller than a value 
that enables the Re0 3 structure to be kept stable in the 
chemical formula M0 3 _ x with oxygen deficiency. 

The introduction of oxygen deficiency causes the 
resistivity of the conductive oxide to be increased by 
almost 10% in maximum, but the conductive oxide is kept low 
in resistivity sufficient to be used as electrodes. For 
example, the resistivity was increased by almost 10% in 
SrRu0 3 _ x , but the resistivity was as small as a few mQcm as an 
absolute value. In Ir0 2 . x , Ru0 2 . x , and Re0 3 _ x/ the resistivity was 
increased only to about double in maximum. In other words, it 
was confirmed that the conductive oxides could keep a 
resistivity sufficient to be used for electrodes even when the 
conductive oxides described above were formed in a non- 
oxidizing atmosphere. 

A possibility of coexistence of decomposed products was 
as described above when a conductive oxide was formed in a 
non-oxidizing atmosphere. Both Ru0 2 and IrO z in rutile 
structures, as well as the Re0 3 are a monoxide respectively and 
each of those structures includes only one type of transition 
element. There is thus no fear that they are decomposed 
thereby to produce other compounds. On the other hand, the 
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perovskite structure expressed by AM0 3 is a complex oxide which 
consists of an element M consisting of transition elements and 
an element A consisting mainly of alkaline-earth metals. It is 
thus possible that decomposed products coexist at a high 
temperature of about 700°C in a non-oxidizing atmosphere. 
Actually, when Ca was included as an alkaline-earth metal, it 
was confirmed by an X-ray dif f ractometer that about a few % 
CaO existed as a decomposed product. Even when Sr was 
included, SrO was observed as a decomposed product in a 
stronger non-oxidizing atmosphere, that is, at a higher 
temperature and at a lower pressure. In any of the cases 
described above, therefore, it was recognized that nothing 
affected the resistivity at room temperature. It was concluded 
from this result that highly resistant decomposed products 
were distributed and coexisted in a conductive oxide, so that 
a current was caused to flow in a lower objective conductive 
oxide . 

At a lower temperature than room temperature, a metallic 
conduction was observed, where the resistivity was decreased 
as the temperature was decreased if there was no decomposed 
product. If decomposed products coexisted, a conduction that 
caused the resistivity to be increased, was observed. It was 
concluded from this result that the increase of the 
resistivity was caused by the conduction characteristics of 
decomposed products segregated along grain boundaries in a 
microscopic fashion. 

In any of the cases described above, at the room 



temperature or above, the increase of the resistivity caused 
by 

coexistence of decomposed products was within an allowable 
range for conductive oxide layers or semiconductor devices 
that used conductive oxide layers. In other words, each of the 
conductive oxides that take the perosvkite structure may be a 
mixed phase of CARU0 3 , SrRu0 3 , and (La, Sr) Ti0 3 in which a 
part of Sr of SrTi0 3 is replaced with La by over 0.5 to 4.0 
weight % (included) , and an alkaline earthmetal oxide CaO 
or SrO composing the subject oxide. 

Description has been made so far of a means for 
achieving the first object of the present invention, that 
is the characteristics of a semiconductor device, using 
oxide dielectrics as a capacitor insulator and a double- 
layered conductive oxide layer as an electrode element, as 
well as for the means for achieving the second object of the 
present invention, that is, a method of forming the double- 
layered conductive oxide layer, selected from the methods of 
manufacturing such a semiconductor device, and for the means 
for achieving the third object of the present invention, that 
is, the characteristics of the double- layered conductive oxide 
layer that can suppress oxygen diffusion and oxidation, and 
for the means for achieving the fourth object of the present 
invention, that is, a method of forming the double- layered 
conductive oxide layer. 

Finally, description will be made of means for achieving 
the second object of the present invention, that is, a method 
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of manufacturing such a semiconductor device. The method of 
manufacturing the semiconductor device of the present 
invention includes processes for forming a lower electrode 
layer on a substrate as described above with reference to 
Figs- 1 to 4 . The lower electrode layer consists of a 
polycrystalline silicon layer, a non-oxide conductive layer 
for anti-diffusion, a metallic layer, and a double^layered 
conductive oxide layer. Usually, a polycrystalline silicon 
layer is formed using chemical vapor deposition. The non-oxide 
conductive layer for anti-diffusion is formed using a 
sputtering method, a vacuum deposition method, and a CVD 
method. The metallic layer is formed using a sputtering 
method. However, the methods for forming those layers are just 
examples and they are not limited for modification specially. 
How to form the double-layered conductive oxide layer is as 
described above in detail. The compound of each layer for 
composing the lower electrode is also as described above in 
detail. 

In order to form an oxide dielectric capacitor in which 
an oxide dielectric layer is positioned between the upper and 
lower electrode layers, an oxide dielectric layer is formed on 
this lower electrode layer, then the upper electrode layer 
is formed on the oxide dielectric layer. Concrete compounds 
used for forming the oxide dielectric layer are as described 
above in detail. The sol-gel method with use of alkoxide, 
the vacuum deposition method, the chemical vapor deposition 
method, the sputtering method, etc. can be used to form the 
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oxide dielectric layer. The methods are not limited only to 
those specially identified. The upper electrode layer should 
preferably be formed with the same conductive oxide as that 
of the lower electrode layer if the symmetry of the current- 
voltage characteristics of the dielectric capacitor, as well 
as the symmetry of the polarization hysteresis curve 
of the ferroelectric capacitor are considered to be 
important. However, the semiconductor device will work as 
expected even if the conductive oxide and a noble metal such 
as platinum, ruthenium, and iridium are different between 
the upper and lower electrode layers. The upper electrode 
layer can be formed by any of sputtering, vacuum deposition, 
sol-gel, and chemical vapor deposition methods. The film 
deposition method is not limited only to those specially 
provided even when a noble metal is used for forming the upper 
electrode layer. 

Before the oxide dielectric capacitor, that is, the 
lower electrode layer is formed, part of a MOS transistor 
is formed on the substrate. The source area or the drain 
area of the MOS transistor is connected electrically to the 
lower electrode layer through the conductive material 
filled in the contact holes formed through the insulator, 
which covers the semiconductor substrate on which the MOS 
transistor itself is formed. Polycrystalline silicon 
formed using the chemical vapor deposition method is often 
used as the conductive material filled in these contact holes. 
The polycrystalline silicon deposition method and the filling 



material are not limited only those specially mentioned. 
2 . Guideline 2 for Selecting Conductive Materials 

This guideline is determined to achieve the first and 
second objects of the present invention, especially on the 
basis of the configuration of (the conventional technology 
7) . 

In order to achieve the first object of the present 
invention, the semiconductor device of the present invention 
is provided with oxide dielectric capacitors formed on a 
semiconductor substrate. The capacitor consists of a lower 
electrode layer including an aluminum titanium nitride layer, 
an oxide dielectric layer formed on the aluminum titanium 
nitride layer, and an upper electrode layer formed on the 
oxide dielectric layer. Figs. 5 and 6 show two typical cross 
sectional views of the lower electrode layer. Figs. 5 and 6 do 
not show any detailed structure of the oxide dielectric 
capacitor provided in the semiconductor device of the present 
invention, but they show simplified views of how each layer of 
the capacitor is stacked. 

In Fig. 5, the lower electrode layer 11 consists of the 
aluminum titanium nitride layer 50 formed on the 
polycrystalline silicon layer 20, and the metallic layer 40 
formed on the layer 50. The conductive polycrystalline silicon 
layer 20 corresponds to the first area described above in the 
concept of the semiconductor device. The aluminum titanium 
nitride layer 50 corresponds to the second area described 
above in the concept of the semiconductor device. The metallic 
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layer 40 corresponds to the third area described above in the 
concept of the semiconductor device. In Fig. 6, a conductive 
oxide layer 60 is stacked on the component of the lower 
electrode layer 11 shown in Fig. 5. This conductive oxide 
layer 60 corresponds to an area provided between the third and 
fourth areas described above in the concept of the 
semiconductor device. 

The lower electrode layer 11 is also connected 
electrically to a predetermined area of the semiconductor 
element formed on the substrate, for example, the source or 
drain area of a MOS transistor. 

Hereunder, the function of the aluminum titanium nitride 
layer 50 used for preventing oxygen diffusion and oxidation 
will be described. As provided in the conventional 
technologies, the titanium nitride layer used as a layer for 
preventing oxygen diffusion and oxidation, which has been 
examined so far, is weak in anti-reaction to oxygen. And, in 
order to compensate this weak point of the titanium nitride 
layer, it is indispensable to put a metallic layer made of 
platinum, etc. therebetween. A platinum layer of about 200nm 
in thickness is also needed to secure a time of oxygen 
diffusion at grain boundaries in the platinum. On the other 
hand, the titanium nitride layer still has an attraction, 
since it acts to prevent oxidization to a certain level while 
it keeps a high conductivity. This is why aluminum is added to 
titanium nitride to obtain a remarkable resistance to 
oxidization. The resistance was found as a result of 



examination for the possibility of improvement of the 
resistance to oxidization by adding the second metallic 
element to titanium nitride. 

The reaction of a nitride to oxidization, thereby to 
be changed into an oxide, is considered to be a reaction to 
substitute oxygen with nitrogen in the nitride. In other 
words, it may be considered that the height of the energy 
barrier between the nitride and the oxide dominates this 
substitution qualitatively. In the aluminum titanium nitride 
obtained by the present invention, the improvement of the 
anti-reaction to oxygen is considered to be caused by this 
heightened energy barrier. Regardless of this chemical 
background, however, it was found that the aluminum titanium 
nitride could function sufficiently as an anti-oxidizing layer 
if part of the titanium in the titanium nitride is replaced 
with aluminum. In terms of this anti-oxidizing property, if 
the chemical formula of the aluminum titanium nitride was 
expressed by (Ti^AlJ x _ y N 7 , x should preferably be 0. 2 or 
above and y should preferably be 0.4 or above. If x is smaller 
than 0.2, the anti-oxidizing property is not improved at all. 
If y is smaller than 0.4, Ti0 2 produced by oxidization is 
observed in an X-ray diffraction measurement. 

Aluminum nitride is a high resistant material. If part of 
the titanium is replaced with aluminum, the resistivity 
increases. If such aluminum titanium is to be used for each 
electrode of a semiconductor device, the resistivity should 
preferably be lOmQcm or under. Consequently, if aluminum 
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titanium nitride is represented by a chemical formula of 
TiL^AlxK-yNy, x should preferably be 0.5 or below and y 
should preferably be between 0.4 and 0.6. If an impurity 
phase is precipitated, the material becomes non-homogeneous in 
the electrode, and thereby the forming of fine- integrated 
memory cells is disabled. In order to avoid this, the x value 
should preferably be 0.6 or below and the y value should 
preferably be 0.2 or above, and 0.6 or below. 

In conclusion, the x value should preferably be 0.2 or 
above, and 0.5 or below and the y value should preferably 
be 0.4 or above, and 0.6 or below in the aluminum titanium 
nitride expressed by a chemical formula of Ti^Al*) !_ 7 N y . 

Another requirement for the aluminum titanium nitride 
layer, that is, the property of anti-diffusion is expected 
to be equivalent to that in the titanium nitride layer, since 
the structure of titanium nitride which is a mother compound 
is maintained, intrinsically. Thus, no problem is found 
specially from the layer. 

The metallic layer 40 covering the aluminum titanium 
nitride layer shown in Figs. 5 and 6 should preferably be at 
least one of the noble metals which has excellent anti- 
oxidizing properties, that is, platinum, iridium, and 
ruthenium. For the conventional structure in which the anti- 
oxidizing layer is made of titanium nitride, the metallic 
layer had to be about 200nm in thickness. For the aluminum 
titanium nitride layer of the present invention, the 
resistance to oxidization is already improved. For example, 
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3 0mti will do as the thickness of the metallic layer as long as 
the layer can cover the surface of the aluminum titanium 
nitride layer completely. 

For the structure shown in Fig. 5, an oxide dielectric 
layer 16 is formed on the metallic layer 40. However, a 
conductive oxide layer 60 may be inserted between the oxide 
dielectric layer 16 and the metallic layer 40 as a component 
of the lower electrode layer. The conditions for forming 
a conductive oxide layer in an oxidizing atmosphere are 
usually the same as those of forming an oxide dielectric 
layer. Thus, it may be considered that the resistance to 
oxidization required for the aluminum titanium nitride 
layer is also the same. Since such a conductive oxide layer 
can improve the contact property at each interface with a 
metallic layer, if it includes the same elements of a noble 
metal as those of the metallic layer, it should preferably 
be at least one of Ir0 2 , Ru0 2 , SrRu0 3 , and Re0 3 . 

Hereunder, preferred materials for the oxide dielectric 
layer 16 will be described. There is no reason to limit the 
materials for the layer 16 specially. The following materials 
usable for the layer 16 are well known. Typical examples of 
oxide dielectrics whose center element is titanium are lead 
zirconate titanate obtained by replacing part or all of the 
titanium with zirconium, lead barium zirconate titanate 
obtained by replacing part or all of the lead with barium, 
barium strontium titanate including only alkalline-earth metal 
elements, etc. As typical examples of bismuth dielectrics with 



a layered structure, there are bismuth layered dielectrics 
such as Bi 4 Ti 3 0 12/ SrBi 2 Ta 2 0 9 , etc. In addition to those 
examples, other well-known oxide dielectrics, oxide 
ferroelectrics, and new oxide dielectrics and oxide 
ferroelectrics to be discovered in the future are all usable 
as the oxide dielectric layer described above. 

The upper electrode layer 17 maybe any material if 
it is conductive. The materials are not limited only to metals 
and oxides. Each of the noble metals described above (in the 
example of the metallic layer 40 provided in the lower 
electrode layer) is usable. Each of the oxides described 
above (in the example of the conductive oxide layer 60 
provided in the lower electrode layer) is usable. The 
materials of the upper electrode layer 17 are not limited 
only to those specially mentioned. 

Next, description will be made of a method of 
manufacturing the semiconductor device of the present 
invention in order to achieve the second object described 
above. The method of manufacturing the semiconductor device of 
the present invention includes a process for forming the lower 
electrode layer including an anti-diffusion and anti-oxidation 
layer of aluminum titanium nitride which is formed in a 
nitriding atmosphere using the sputtering method. Various 
types of sputtering targets are usable; for example, a 
metallic target consisting of a titanium aluminum alloy, a 
composite-target obtained by putting an aluminum metal or 
aluminum nitride on a titanium target, a composite-target 
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obtained by putting a titanium metal or a titanium nitride on 
an aluminum target, a dual target consisting of a titanium 
target and an aluminum target and spattered simultaneously, a 
nitride target consisting of an aluminum titanium nitride, a 
composite-target obtained by putting an aluminum metal or an 
aluminum nitride on a titanium nitride target, a composite- 
target obtained by putting a titanium metal or a titanium 
nitride on a aluminum nitride target, a dual target consisting 
of an aluminum nitride target and a titanium nitride target 
separately and so as to be sputtered simultaneously, may be 
employed. Any of DC and AC can be used for the sputtering 
discharge. If an aluminum nitride whose resistance is large is 
used as a target, however, an RF discharging is required. 

At least, a discharge gas and a nitrogen gas must be 
included in the atmosphere used for forming an anti-diffusion 
and anti-oxidation layer of aluminum titanium nitride. An 
inert gas can be used as a discharge gas. However, usually an 
argon gas is used in consideration of economy. A nitrogen gas 
is included in the discharge gas by 10 to 90 mole%, since it 
requires sufficient nitridation and a high through-put (high 
deposition rate) . If there is no restriction for both the 
semiconductor device and the environment, a few present 
ammonia gas may be included thereby to accelerate nitridation 
and suppress oxidation. 

The temperature should preferably be above room 
temperature to 600°C (included) when an aluminum titanium 
nitride anti-diffusion and an anti-oxidation layer are to 
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be formed with the sputtering method. Of course, room 
temperature does not mean that samples are kept in the room 
temperature, but it means that the samples should not be 
cooled or heated specially. Natural rising of the temperature 
should be allowed during the sputtering. When a sample was 
formed at a temperature above 600 °C in a heating process, it 
was observed by an X-ray diffraction measurement that an 
aluminum nitride (AIN) was generated separately from the 
sample . 

Furthermore, in order to achieve the second object 
described above, the method of manufacturing the semiconductor 
device of the present invention includes a process for 
completing the lower electrode layer by stacking a metal 
layer, or a metal layer and a conductive oxide layer 
sequentially on an anti-diffusion and anti-oxidation layer of 
aluminum titanium nitride. On this lower electrode layer, an 
oxide dielectric layer is formed. Then, the upper electrode 
layer is stacked thereon so that an oxide dielectric capacitor 
is formed in a structure so that the oxide dielectric layer is 
positioned between the upper and lower electrode layers. The 
metallic layer may be formed with any sputtering method, 
vacuum evaporation method, etc. As for the conductive oxide 
layer and the oxide dielectric layer, the sputtering method, 
the reactive evaporation method, the laser ablation method, 
the chemical vapor deposition method, the sol-gel method, etc. 
are usable. The method is not limited specially. The upper 
electrode layer may also be formed with any of those methods. 



Before the oxide dielectric capacitor, that is, the lower 
electrode layer is formed, part of a MOS transistor is formed 
on the substrate. The lower electrode layer is connected 
electrically to the source area or the drain area of this MOS 
transistor through the conductive material filled in the 
contact holes perforated in the insulator, which covers the 
semiconductor substrate on which the MOS transistor itself is 
formed. Polycrystalline silicon formed using the chemical 
vapor deposition method is often used as the conductive 
material filled in these contact holes. The forming method and 
the filling material are not limited specially. 
3. Characteristics of the Semiconductor Device of the 
Present Invention 

The semiconductor device to be realized by an embodiment 
of the present invention on the basis of the above 
two guidelines for selecting conductive materials will have 
the following characteristics. 

The semiconductor device of the present invention is 
provided with a first area (a semiconductor substrate or a 
semiconductor film, etc.) consisting of a conductive 
semiconductor material, a second area connected to the first 
area and consisting of the first conductive material, a third 
area connected to the second area and consisting of the second 
conductive material, a fourth area connected to the third area 
and consisting of an oxide dielectric, and a fifth area 
connected to the fourth area and consisting of a conductive 
material. And, the average resistivity of the first area is 



almost equal to the resistivity of the semiconductor material 
composing the first area and the average resistivity of the 
second area is almost equal to the resistivity of the first 
conductive material composing the second area. Such 
characteristics mean that the respective electric resistances 
of the first to third areas are determined uniquely by the 
resistivity of the semiconductor material or the conductive 
material used for forming each of those areas, as well as by 
the length of the current path in each of those areas (or the 
thickness of each of those areas, if it is stacked 
vertically) . In other words, the embodiment of the present 
invention can avoid the forming of a high resistant material 
almost completely in the first area or second area, which has 
been a problem of the conventional technology. And 
accordingly, it is possible to suppress an increase of the 
electrical resistance in those areas, as well as enabling the 
average resistivity in the current path from the first area to 
the third area to be set to 0.01 Qcm or below. 

Consequently, according to the present invention, when 
both the oxide dielectric layer and the conductive oxide layer 
are formed, memory cells can be formed without oxidizing the 
polycrystalline silicon layer adjacent to both the oxide 
dielectric layer and the conductive oxide layer, as well as 
the anti-diffusion non-oxide conductive layer consisting of a 
nitride, etc. Consequently, it becomes possible to reduce both 
the interfacial resistance and the contact resistance of each 
electrode, obtaining a semiconductor device provided with 
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fine-structured memory cells, suitable for high integration. 
In addition, the semiconductor device of the present invention 
can omit a process for forming a metallic layer of 200nm or 
over in thickness consisting of platinum and the like as an 
anti-oxidizing layer, and it can reduce the total thickness 
and the aspect ratio of the capacitor by thinning the lower 
electrode layer. It is thus possible for the present invention 
to obtain a semiconductor device provided with fined- 
structured memory cells to be formed through a fine-patterned 
process of the submicron region, for example, using gigabit 
class lithographic technology. 
Brief Description of the Drawings 

Fig. 1 is a diagram which illustrates an oxide dielectric 
capacitor provided with a double- layered conductive oxide 
layer included in its lower electrode layer. 

Fig. 2 is a diagram which illustrates an oxide dielectric 
capacitor provided with a double-layered conductive oxide 
layer formed on a polycrystalline silicon layer. 

Fig. 3 is a diagram which illustrates an oxide dielectric 
capacitor provided with a double-layered conductive oxide 
layer formed on an anti-diffusion non-oxide conductive layer. 

Fig. 4 is a diagram which illustrates an oxide dielectric 
capacitor provided with a double- layered conductive oxide 
layer formed on an anti-diffusion non-oxide conductive layer 
through a metallic layer. 

Fig. 5 is a diagram which illustrates an oxide dielectric 
capacitor provided with an oxide dielectric layer on a 
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metallic layer stacked on an aluminum titanium nitride layer. 

Fig. 6 is a diagram which illustrates an oxide dielectric 
capacitor provided with an oxide dielectric layer on a 
conductive oxide layer stacked on an aluminum titanium nitride 
layer. 

Figs. 7(a) and 7(b) are graphs which illustrate the 
electrical characteristics of the oxide dielectric capacitor 
formed so as to form a double-layered conductive oxide on a 
polycrystalline silicon layer. Fig. 7(a) illustrates the 
electrode resistance and Fig. 7(b) illustrates a polarization 
hysteresis curve. 

Figs. 8(a), 8(b) and 8(c) are graphs which illustrate the 
electrical characteristics of the oxide dielectric capacitor 
formed so as to form a double- layered conductive oxide on a 
nitride layer. Fig. 8(a) illustrates the resistance of an 
electrode including a TiN layer and Fig. 8(b) illustrates the 

resistance of an electrode including a TaN layer and Fig. 8(c) 

illustrates a polarization hysteresis curve of a capacitor 

including a TiN layer. 

Fig. 9 is a graph which illustrates a polarization 

hysteresis curve of an oxide dielectric capacitor formed so as 

to form a double-layered conductive oxide layer on a TiN layer 

through a metallic layer. 

Figs. 10(a) and 10(b) are graphs which illustrate a 

compositional range of an aluminum titanium nitride. Fig. 

10(a) indicates the x allowance in (Ti^AlJ o. 5 N 0 .5 • Fig. 10(b) 

indicates the y allowance , in (Ti 0 . 6 A 0 .4) i- y N y 



Fig. 11 is a graph which illustrates a polarization 
hysteresis curve of an oxide dielectric capacitor provided 
with an aluminum titanium nitride layer. Curve (a) indicates a 
case where an oxide dielectric layer stacked on a metallic 
layer and curve (b) indicates a case where an oxide dielectric 
layer is stacked on a conductive oxide layer. 

Fig. 12 is a diagram which illustrates a manufacturing 
process of the semiconductor device of the present invention. 

Fig. 13 is a diagram which illustrates a manufacturing 
process of the semiconductor device of the present invention. 

Fig. 14 is a diagram which illustrates a manufacturing 
process of the semiconductor device of the present invention. 

Fig. 15 is a diagram which illustrates manufacturing 
process of the semiconductor device of the present invention 
up to a planarizing process. 

Fig. 16 is a diagram which illustrates a manufacturing 
process of the semiconductor device in which a double- layered 
conductive oxide layer is formed on a polycrystalline silicon 
layer . 

Fig. 17 is a diagram which illustrates a manufacturing 
process of the semiconductor device in which a double-layered 
conductive oxide layer is formed on an anti-diffusion non- 
oxide conductive layer. 

Fig. 18 is a diagram which illustrates a manufacturing 
process of the semiconductor device in which a double- layered 
conductive oxide layer is formed on an anti-diffusion non- 
oxide conductive layer through a metallic layer. 



Fig. 19 is a diagram which illustrates a manufacturing 
process of the semiconductor device which is provided with an 
aluminum titanium nitride layer formed so as to form an oxide 
dielectric layer on a metallic layer. 

Fig. 2 0 is a diagram which illustrates a manufacturing 
process of the semiconductor device which is provided with an 
aluminum titanium nitride layer formed so as to form an oxide 
dielectric layer on a conductive oxide layer. Fig. 20 is a 
diagram which also indicates a cross sectional structure of a 
scribing area of a silicon wafer according to an embodiment of 
the present invention. 

Best mode for Carrying out the Invention 

Hereunder, the preferred embodiments of the present 
invention will be described. How to form a capacitor using 
oxide dielectrics and how to apply the capacitor to an actual 
semiconductor device will be described separately. The former 
way is further described by the conductive material selection 
guideline described above. 

1. How to Form an Oxide Dielectric Capacitor 

1-1 Guideline 1 for selecting conductive materials 

At first, a description will be provided for the first to 
third preferred embodiments of the present invention with 
reference to the accompanying drawings if a double-layered 
conductive oxide layer is selected for two conductive oxide 
layers provided between a semiconductor layer and a dielectric 
layer in an electrode of an oxide dielectric capacitor 
suitable for a semiconductor device. 



<First Embodiments 

In the first embodiment of the present invention, the 
resistance of the lower electrode layer and the polarization 
hysteresis curve of an oxide ferroelectric capacitor were 
measured with respect to the lower electrode layer 11 formed 
so as to form a conductive oxide layer 14 with oxygen 
deficiency in a double-layered conductive oxide layer 12 shown 
in Fig- 2 directly on a polycrystalline silicon layer 20. 

At first, an amorphous silicon layer doped with 
phosphorus of 150nm in thickness was formed on a 15mm square 
conductive silicon substrate 10 by chemical vapor deposition. 
The substrate was then annealed thereby obtaining a conductive 
polycrystalline silicon layer 20. Then, two types of samples 
were formed on this substrate. One sample was formed as 
follows; at first, conductive oxide layers 14 and 15 were 
formed through a 2mm square metal mask, then they were further 
shrunken down to a 100 jum square by electron beam lithography. 
This sample was used for measuring the resistance of the 
object electrode. The other sample was formed as follows; at 
first, conductive oxide layers 14 and 15 were formed on the 
entire surface of the substrate, then an oxide dielectric 
layer 16 and the upper electrode layer 17 were stacked like a 
pyramid through a 4mm square metal mask and another metal mask 
of 2mm in diameter, respectively. Then, the upper electrode 
layer 17 was shrunken down to a 10/xm square by ion milling 
using a photo mask. This sample was used for measuring the 
characteristics of the object capacitor. 



To form the conductive oxide layers 14 and 15 , Ir0 2 , Ru0 2 , 
SrRu0 3 , SrTi0 3 to which La was added by 4 weight%, and Re0 3 
were used (in this embodiment, chemical formulas are used to 
clarify each compound. The description of the oxygen 
deficiency is omitted for convenience sake) . Next, how to form 
each oxide layer will be described. However, the methods 
described here for manufacturing each compound are just 
examples. They may be exchanged for each other. 

The electron beam deposition method was used only for 
forming Ir0 2 . At first, the Ir0 2 oxide powder was molded into 
a cylindrical shape of 12mm in diameter and 10mm in thickness 
using a pressure die. After this, it was annealed at 1100 °C 
for 2 hours in an oxygen gas flow. This was used as an 
electron beam source. Then, a Ir0 2 layer with oxygen deficiency 
was formed under the following conditions: temperature of the 
substrate heater; 600°C, deposition rate; 2nm/min, and 
pressure: 0.1 /LiTorr. After this, oxygen gas was introduced up 
to a pressure of 7 0 jiiTorr. At the same time, the substrate 
heater was set to 580°C thereby stacking a 50nm Ir0 2 layer to 
obtain a double layered conductive oxide layer 12 . 

The conductive oxide layers other than IrO z were formed by 
the RF-magnetron sputtering method using a sintered oxide 
target consisting of the above cation composition. An oxide 
dielectric layer of 5 to 50nm in thickness with oxygen 
deficiency was formed on the following film deposition 
conditions: temperature of the substrate heater; 600 °C 
incident power; 1.5W/cm 2 , deposition rate; 3nm/min, and 
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discharge Ar gas pressure of 3N in purity; 3 mTorr. After 
this, oxygen was introduced at Ar/0 2 =9/l and the substrate 
heater was set to 580°C, thereby forming a conductive oxide 
layer so as to form a double- layered conductive oxide layer 
12 . 

The oxide dielectric layer 16 was formed using the RF- 
magnetron sputtering method using bismuth titanate Bi 4 Ti 3 0 12 ) , 
which is one of the bismuth layered f erroelectrics - The target 
was a sintered material represented by the above cation 
composition. The film deposition conditions are as follows: 
temperature of the substrate heater; 600 °C discharge 
gas /oxygen gas pressure ratio; Ar/0 2 =9/l, total pressure; 5 
mTorr, incident power; 1.5W/cm 2 , deposition rate; 5nm/min. and 
thickness; 200nm. The type and preparation method of the oxide 
dielectric- layer just affected the substantial physical 
properties of the capacitor. There was recognized no influence 
on the double -layered conductive oxide layer. On the upper 
electrode layer 17 there was deposited a gold film of lOOnm in 
thickness using the electron beam deposition method. 

Fig. 7 (a) shows the total resistance (vertical axis) of 
the entire lower electrode layer as a function of the 
thickness (horizontal axis) of the conductive oxide layer 
with oxygen deficiency, formed in a non-oxidizing atmosphere. 
The resistance was measured between the conductive oxide layer 
formed in an oxidizing atmosphere and the conductive silicon 
substrate. In any of the conductive oxide electrodes, if the 
oxygen deficient layer was 5nm in thickness, the electrode 



resistance was very large. Thus, it was clear that polycrystal 
silicon was oxidized, thereby increasing the resistance. If 
the oxygen deficient layer was 5 to lOnm in thickness, the 
resistance dropped sharply and the layer was lOnm or over in 
thickness, then the resistance was almost constant. From this 
result, it was clear that the covering ratio of the surface of 
the polycrystal silicon increased and that the oxidization of 
the polycrystal silicon was suppressed. It was because of 
a resistivity difference affected on the conductive oxide 
layer itself that the electrode resistance depended on the 
type of the oxide electrode. 

The resistivity of a conductive oxide material itself, 
when measured for another single layer film, was only a few 
tens of MQcm or so for Ir0 2 , Ru0 2 , and Ru0 3 and as low as 
two or three times of that even in the oxygen deficient film. 
As for SrRu0 3 , if oxygen deficiency was introduced, the 
resistivity increased just within 200 juQcm to a few mQcm. 
For SrTi0 3 to which La was added by 4 weight%, the resistivity 
increased within a few hundreds of fiQcm to a few mQcm. These 
results matched with the tendency shown in Fig. 7(a) and 
indicated that the resistivity did not increase remarkably 
even when the double- layered conductive oxide electrode grew 
adjacent to the polycrystalline silicon. 

Fig. 7(b) shows a polarization hysteresis curve of an 
oxide ferroelectric capacitor that uses oxide electrodes when 
the oxygen deficient layer is 3 0nm in thickness. There is no 
difference in the hysteresis curve between the types of oxide 
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electrodes. As shown clearly in Fig. 7(b), if a conductive 
oxide layer adjacent to polycrystalline silicon is formed in a 
non-oxidizing atmosphere, both oxidation and oxygen diffusion 
are suppressed. It is thus possible to prove that a voltage 
supplied from the substrate can be applied effectively to the 
oxide dielectric layer. 
<Second Embodiment> 

In the second embodiment of the present invention, the 
resistance of the lower electrode layer and the polarization 
hysteresis curve of the oxide ferroelectric capacitor were 
measured with respect to the structure of the lower electrode 
layer 11. In the lower electrode layer 11 provided in the 
double-layered conductive oxide layer 12 shown in Fig. 3, the 
conductive oxide layer 14 with oxygen deficiency is formed on 
a conductive nitride layer which functions as an anti- 
diffusion non-oxide conductive layer 30. 

At first, an amorphous silicon film with a thickness of 
150nm was formed on the 15mm sguare conductive silicon 
substrate 10 using the chemical vapor deposition while doping 
with phosphorus. Then, the amorphous silicon film was annealed 
thereby to form a conductive polycrystalline silicon layer 20. 
After this, a conductive nitride layer, which would function 
as an anti-diffusion non-oxide conductive layer 30, was formed 
all over the substrate. On this ground layer was formed two 
types of samples. One sample was formed as follows; conductive 
oxide layers 14 and 15 were formed through a 2mm square 
metallic mask, then the layers 14 and 15 were shrunken down to 
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a 100 jum square by electron beam lithography. The sample was 
used for measuring electrode resistance. The other sample was 
formed as follows; conductive oxide layers 14 and 15 were 
formed all over the surface of the substrate, then an oxide 
dielectric layer 16 and an upper electrode layer 17 were 
stacked like a pyramid through a 4mm square metallic mask and 
a 2mm diameter metallic mask, respectively, and further the 
upper electrode layer 17 was shrunken down to a 10 urn square 
by electron beam lithography. The sample was used for 
measuring capacitor characteristics. 

In this embodiment, TiN and TaN were used as a conductive 
nitride layer (anti-diffusion non-oxide conductive layer 30), 
which will be described below in detail. The film deposition 
method and the obtained results were also the same with 
respect to Zr, Nb, V, and W nitrides. A conductive nitride 
layer was formed using a DC sputtering method using a metal 
target. The film deposition conditions were as follows: 
temperature of the substrate heater; 3 00°C, discharge 
gas/nitrogen gas pressure ratio; Ar/N 2 = 50/50, total pressure 
4 mTorr, incident power; 400W, and film thickness: 40nm. The 
RF-magnetron sputtering method can also be used for forming 
the conductive nitride layer. The method may use a nitride 
target instead of the metallic target. After the film 
deposition, an annealing treatment was applied to the sample 
so as to accelerate crystallization using the rapid thermal 
annealing method at 800°C for two minutes in an ammonia gas 
atmosphere . 



For the conductive oxide layers 14 and 15, compounds of 
Ir0 2 , Ru0 2 , SrRu0 3 , CaRu0 3 and Re0 3 were used respectively. 
(Chemical formula were just used to clarify each compound 
here. The description of the amount of oxygen deficiency was 
omitted for the convenience sake.) Each oxide layer was formed 
as follows. Each deposition method described here was just an 
example. The deposition method could also be replaced with 
another . 

The compound Ir0 2 was formed in a weak oxidizing 
atmosphere using the RF -magnetron sputtering method. The 
target was a sintered oxide one. The film deposition 
conditions were as follows: temperature of the substrate 
heater; 600°C, incident power; 1.5W/cm 2 , discharge gas; Ar 
gas of 3N in purity and 3 mTorr in pressure, and weak 
oxidizing gas; N 2 0 gas of Ar/N 2 0=100/1 in flow ratio. Under 
those conditions, a conductive oxide layer with oxygen 
deficiency was formed with a film thickness of 5 to 50nm. 
Then, the gas flow ratio was lowered to Ar/N 2 0=9/1, as well as 
the total pressure was set to 5 mTorr and the temperature 
of the substrate heater was set to 580°C to form a 50nm 
conductive oxide layer, thereby forming a double- layered 
conductive oxide layer 12 . 

SrRu0 3 and CaRu0 3 were formed in an Ar gas atmosphere 
using a RF-magnetron sputtering method that employs a sintered 
oxide target. The film deposition conditions were as follows: 
temperature of the substrate heater; 600°C incident power; 
1.5W/cm 2 , and discharge gas; Ar gas of 3N in purity and 3 mTorr 
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in pressure. Under those conditions, a conductive oxide layer 
with oxygen deficiency was formed with a film thickness of 5 
to 50nm. Then, oxygen was introduced at a gas flow ratio of 
Ar/0 2 =9/l, and the total pressure was set to 5 mtorr and the 
temperature of the substrate heater was set to 580°C to form a 
50nm conductive oxide layer, thereby forming a double- layered 
conductive oxide layer 12 . 

Ru0 2 and Re0 3 were formed in a weak oxidizing atmosphere 
using the reactive evaporation method. A metal block was used 
as the evaporation source. The film deposition conditions were 
as follows: temperature of the substrate heater; 600 °C, 
deposition rate; lnm/min, and oxygen pressure; 5 juTorr. Under 
those conditions, an oxygen deficient layer was formed with a 
thickness of 5 to 50nm, then oxygen was introduced at a 
pressure up to 70 jtiTorr , and the temperature of the substrate 
heater was lowered to 580°C thereby to stack the 50nm thick 
Ru0 2 and Re0 3 layers, so that a double- layered conductive oxide 

layer 12 was formed. 

For the oxide dielectric layer 16, lead zirconate 

titanate [Pb (Zr 0 . 5 Ti 0 . s ) 0 3 ] was used. The RF-magnetron sputtering 
method was used to form the layer 16. The target was a 

sintered one represented by the above cationic composition. 

The film deposition conditions were as follows: temperature of 

the substrate heater; 600°C, discharge gas/oxygen gas pressure 

ratio; Ar/0 2 =9/l, total pressure; 5 mTorr, incident power; 

1.5W/cm 2 , deposition rate; 5 nm/min, and film thickness; 200nm. 

The type and film deposition method of the oxide dielectric 



layer affected only the substantial physical characteristics 
of the capacitor and did not affect the double- layered 
conductive oxide film. The upper electrode layer 17 was formed 
with the same conductive oxide as that of the lower electrode 
layer in an oxidizing atmosphere using the RF -magnetron 
sputtering method. The film thickness was 80nm. 

TiN (Fig. 8(a)) and TaN (Fig. 8(b)) were used 
respectively for forming the anti-diffusion non-oxide 
conductive layer 30. The resistance (vertical axis) of the 
entire lower electrode layer was shown as a function of the 
thickness (horizontal axis) of the oxygen deficient layer. The 
resistance was measured between the conductive oxide layer 
formed in an oxidizing atmosphere and the conductive silicon 
substrate. The resistance depended on the thickness of the 
oxygen deficient layer in the same way as the above regardless 
of the type, deposition method, and deposition conditions of 
the nitride layer and the conductive oxide electrode. The 
electrode resistance was significantly high when the oxygen 
deficient layer was 5nm in thickness. This was because the 
interface was oxidized, thereby the resistance was increased 
when the coating ratio of the nitride layer surface was small 
and a conductive oxide layer was formed in the subsequent 
oxidizing atmosphere. The resistance was reduced sharply as 
the thickness was between 5nm and lOnm and almost constant at 
lOnm or over. This was because the coating rate of the nitride 
layer surface was increased, and thereby the oxidization of 
the phase boundary was suppressed. The reason why the 
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resistance was high when using CaRu0 3 or an oxide electrode was 
an increase of the contact resistance at the electrode 
interface. This was confirmed using the X ray diffraction 
method. As for an electrode including Ir0 2 , Ru0 2 and Re0 3 
layers formed in a weak-oxidizing atmosphere, the resistance 
was slightly larger than that of an electrode including SrRu0 3 
formed in the Ar gas. In any compounds, it was clear that the 
resistance was kept low enough to be used for the object 
electrode layer. The resistivity of a conductive oxide 
material itself was as described in the first embodiment of 
the present invention when measured for the respective single 
layer film of Ir0 2 , RuO z , Re0 3 , SrRuO s , and SrTi0 3 obtained by 
adding La by 4 weight% . The resistivity of the CaRu0 3/ when the 
film was formed in a non-oxidizing atmosphere, increased up to 
a little less than several hundreds of juQcm to 10 mQcm. These 
results coincide with the tendency shown in Fig. 8(a), 
indicating that the resistance did not increase so much even 
when the double-layered conductive oxide electrodes grew 
adjacent to the anti-diffusion non-oxide conductive layer 30. 

Fig. 8(c) shows a polarization hysteresis curve of an 
oxide ferroelectric capacitor when the oxygen deficient 
layer is lOnm in thickness in a case where TiN is used as a 
nitride layer. For an electrode that includes a CaRu0 3 layer, 
the hysteresis curve is opened to the horizontal axis more 
than those of other electrodes. This seems to be because of 
the decomposed CaO cames the distribution in the electric 
field which is applied to dielectrics. However, there is no 



problem, since characteristics are good enough for the 
capacitor. As shown in Fig. 8(c) clearly, it is proved that if 
a conductive oxide layer is formed adjacent to a nitride layer 
in a non-oxidizing atmosphere, both oxidation and oxygen 
diffusion are suppressed, thereby a voltage can be applied to 
the oxide dielectric layer effectively from the substrate. The 
same hysteresis curve as that shown in Fig. 8(c) was also 
obtained for the TaN layer. 
<Third Embodiment> 

In the third embodiment of the present invention, the 
polarization hysteresis curve for an oxide ferroelectric 
capacitor was measured with respect to the structure of the 
lower electrode layer 11, in which the conductive oxide 
layer 14 with oxygen deficiency is formed on an anti-diffusion 
non-oxide conductive layer 30 via metallic layer 40. The layer 
14 is provided in the double-layered conductive oxide layer 12 
shown in Fig. 4. 

The shapes and film deposition methods of the substrate 
10, the polycrystalline silicon layer 20, a TiN layer or the 
anti-diffusion non-oxide conductive layer 30, as well as the 
oxide dielectric layer 16 and the upper electrode layer 17 are 
the same as those in the first and second embodiments 
described above. It is not essential to select the materials 
of the oxide dielectric layer and the upper electrode layer, 
however, mentioned in the embodiments of the present 
invention . 

The TiN layer was formed with a thickness of 40nm in 
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accordance with the method of the second embodiment. The TiN 
layer was used as an anti-diffusion non-oxide conductive layer 
30. The same results were also obtained for other nitrides 
listed in the above second embodiment. 

In this embodiment, platinum was used for the metallic 
layer 40. The same effect was also found when iridium and 
ruthenium, which are the same nobles metals as platinum, were 
used. The DC sputtering method was used for forming the 
metallic layer on the following conditions: Incident 
power; 400W, discharge gas; Ar, gas pressure; 20 mTorr, and 
temperature of the substrate heater: 500°C. The metallic 
layer 4 0 was thus formed with a thickness of 2 0nm on the whole 
area of anti-diffusion non-oxide conductive layer 30. 

IrO z , RuO a , SrRu0 3 , and SrTi0 3 which La was added by 4 
weight% were used for forming the conductive oxide layer 
using a RF-magnetron sputtering method in a weak oxidizing 
atmosphere. The targets were made of a sintered oxide. The 
film deposition conditions were as follows: temperature of the 
substrate heater; 600°C incident power; 1.5W/cm 2 , discharge 
gas; Ar gas of 3N in purity and 3 mTorr in pressure, and weak 
oxidizing gas: N 2 0 gas of Ar/N 2 0=100/1 in flow ratio. Under 
these conditions, the conductive oxide layer 14 with oxygen 
deficient layer of lOnm in thickness was formed. Then, the gas 
flow ratio was lowered to Ar/N 2 0=9/1, as well as the total 
pressure was set to 5 mTorr and the substrate heater was set 
to 580°C to form a 50nm thick conductive oxide layer 15, 
thereby forming a double- layered conductive oxide layer 12. 
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Fig. 9 shows a polarization hysteresis curve of an oxide 
ferroelectric capacitor with respect to each conductor oxide. 
Regardless of the oxygen deficient layer type, the hysteresis 
curve was an open one with high symmetry. Even when the 
metallic layer was as thin as 20nm and a conductor oxide layer 
adjacent to this metallic layer was formed in a weak oxidizing 
atmosphere, the oxygen deficient layer included in the 
conductive oxide layer was found to be effective for 
suppressing oxidation and oxygen diffusion, thereby a voltage 
could be applied effectively to the oxide dielectric layer 
from the substrate. 

As described above in each of the embodiments of the 
present invention, a conductive oxide layer with oxygen 
deficiency was formed in a non-oxidizing atmosphere, which is 
one of the characteristics of the present invention, thereby 
forming a double- layered conductive oxide layer. Consequently, 
the lower electrode layer and the oxide dielectric layer could 
be formed without oxidizing the polycrystalline silicon (the 
first embodiment of the present invention) adjacent to the 
double-layered conductive oxide layer, the anti-diffusion non- 
oxide conductive layer consisting of nitrides, etc. adjacent 
to the double-layered conductive oxide layer, as well as the 
anti-diffusion non-oxide conductive layer (the second 
embodiment of the present invention) adjacent to the double- 
layered conductive oxide layer through a metallic layer. 
Consequently, it was possible to reduce the interfacial 
resistance and contact resistance of each electrode, thereby 
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forming an oxide dielectric capacitor suitable for high 
integration . 

1-2 Guideline 2 for Selecting Conductive Materials 

Hereunder, a description will be made to indicate how to 
select an aluminum titanium nitride layer at the side of the 
semiconductor and an anti-oxidization metallic layer at the 
side of the dielectrics of the two conductive material 
layers provided between a semiconductor layer and a 
dielectric layer in the electrode of an oxide dielectric 
capacitor suitable for a semiconductor device. The 
accompanying drawings will be referenced for describing the 
fourth and fifth embodiments of the present invention. 
< Fourth Embodiment > 

In the fourth embodiment of the present invention, the 
allowable contents of both aluminum and nitrogen were 
checked in an aluminum titanium layer with respect to the 
phase uniformity, low resistivity, and resistance to 
oxidation. The phase uniformity and the resistance to 
oxidation were checked by the X ray diffraction method and the 
resistivity was measured using the DC four-point probe method. 

At first, an aluminum titanium nitride [Tij.. x Al x ) i.,N y ] film 
was formed on a conductive silicon substrate using the DC 
sputtering method. A natural oxidized film was already removed 
from the substrate before this deposition. The target was a 
composite one obtained by spreading aluminum and titanium 
metallic plates in a mosaic fashion all over an aluminum metal 
plate. The aluminum content x was adjusted according to the 
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area ratio of both metallic plates. The nitrogen content y was 
adjusted by changing the argon discharge gas/nitrogen gas flow 
ratio within the range of 95/5 to 5/95. The substrate heater 
was set to 550 °C. Other film deposition conditions were as 
follows: Incident power; 400W, total gas pressure; 5 to 20 
mTorr, growth rate; 5 to 10 nm/min, and film thickness; 50nm. 
The aluminum content x was analyzed and determined using the 
ICPS method (Inductively-Coupled Plasma Spectroscopy) and the 
nitrogen content y was analyzed and determined using the RBS 
(Rutherford Back Scattering) method that uses He+ ions. 

Fig. 10(a) shows both reaction products and the 
resistivity of a sample whose nitrogen content y is 0.5 as 
a function of the aluminum content x. As a result of X ray 
diffraction, only a diffraction line assignable to TiN was 
observed when x was 0.6 or below. If x exceeded 0.6, however, 
a mixed phase with a phase assignable to A1N was observed. As 
the x value increased, the TiN phase disappeared and the A1N 
phase increased. The resistivity increased a little as the x 
value increased. The resistivity increased sharply around 0.5. 
Fig. 10(b) shows both reaction products and resistivity of a 
sample whose aluminum content x is 0.4 as a function of the 
nitrogen content y. As a result of X ray diffraction, 
diffraction lines other than TiN were observed if the y value 
was smaller than 0.2 or exceeded 0.6. The resistivity was 
checked only for the nitrogen content whose y value was 0.2 to 
0.6 (included). For this nitrogen content, a single phase was 
observed in the X ray diffraction pattern. The resistivity 
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increased as the y value increased. And, the resistivity 
increased sharply around 0-6 of the y value. Usually, an 
effect of the impurity phase is observed in the resistivity 
more than in X ray diffraction. Thus, the threshold values of 
both x and y to be determined by a resistivity seems to be 
narrowed . 

Next, a platinum layer with a thickness of 3 0nm was 
formed by the DC sputtering method on the aluminum titanium 
layer formed above. The film deposition conditions were as 
follows: Incident power; 400W, discharge gas; Argon gas, gas 
pressure; 2 0 mTorr, and deposition temperature; 500°C. On 
the platinum layer was stacked an oxide dielectric layer 
[Pb(Zr 0 . 5 Ti 0 . 5 )O 3 ] with a thickness of lOOnm, using RF-magnetron 
sputtering. The film deposition on conditions were as follows: 
temperature of the substrate heater; 3 00°C, incident power; 
1.5W/cm 2 , deposition rate; 3 nm/min, discharge Ar gas/oxygen 
gas flow ratio; 90/10, and pressure; 5 mTorr. After the lOOnm 
thick oxide dielectric layer was formed, rapid thermal 
annealing was applied to the layer at 650 °C for 2 minutes in 
an oxygen flow, thereby to accelerate the crystallization of 
the layer. 

Finally, the oxide dielectric layer, after it was formed 
once, was removed completely in a dry etching process, thereby 
exposing the platinum layer again. An X ray diffraction 
measurement was made for this sample to check if the aluminum 
titanium nitride [ (Ti^AlJ !.yN y ] layer was oxidized and changed 
in quality by the formed oxide dielectric layer. Fig. 10(a) 
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also shows this result. As shown in Fig. 10(a), it was 
confirmed that the oxide layer was oxidized, thereby Ti0 2 was 
formed when the aluminum content x was smaller than 0.2. And, 
as shown in Fig. 10(b), Ti0 2 was also observed when the 
nitrogen content y was smaller than 0.4. 

The above threshold values remained the same even when 
both aluminum and nitrogen contents x and y were fixed at 
another value respectively. 

The above threshold values also remained the same 
substantially even when platinum was replaced with any of 
iridium, ruthenium, and rhenium for forming the metallic 
layer. And, the aluminum titanium nitride layer for preventing 
oxygen diffusion and oxidation was also effective for other 
oxide dielectrics, for example, lead zirconate titanate having 
a different titanium/ zirconium ratio, lead barium zirconate 
titanate, barium strontium titanate, and bismuth 
f erroelectrics . 
<Fifth Embodiment> 

In the fifth embodiment of the present invention, the 
polarization hysteresis curve of an oxide dielectric capacitor 
including an aluminum titanium nitride layer for preventing 
oxygen diffusion and oxidation was measured (Fig. 11) . 

For the sample (a) , an oxide dielectric layer was stacked 
directly on the platinum layer of 3 0nm in thickness /aluminum 
titanium nitride layer of 50nm in thickness /conductive silicon 
substrate described in the fourth embodiment of the present 
invention. For the sample (b) , an oxide dielectric layer was 
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stacked on the above layer through a conductive oxide layer. 

A Ru0 2 layer of 50nm in thickness was formed as the 
conductive oxide layer using the RF-magnetron sputtering 
method. The target was an Ru metal one. The film deposition 
conditions were as follows: temperature of the substrate 
heater; 500°C / incident power; 1.5W/cm 2 , deposition rate; 3 
nm/min, discharge Ar gas /oxygen gas flow ratio; 50/50, and 
pressure; 7mTorr. 

Lead zirconate titanate [Pb (Zr 0 . 5 Ti 0 . 5 ) 0 3 ] layer of lOOnm in 
thickness was formed as the oxide dielectric layer using the 
sol-gel method. Sol was a solution obtained by making lead 
acetate, titanium isopropoxide and zirconium isopropoxide 
react with each other in methoxy ethanol. This solution was 
coated on the platinum layer [sample (a)] or on the conductive 
oxide layer [sample (b) ] , then rapid thermal annealing was 
applied to each sample at 650 °C for two minutes in an 
oxidizing atmosphere, thereby crystallizing the sample. 

A 2mm diameter platinum layer was formed as the upper 
electrode layer through a metallic mask using the DC 
sputtering method. 

Fig. 11 shows a polarization hysteresis curve measured 
when a voltage was applied between the upper electrode layer 
and the conductive silicon substrate. For both samples (a) and 
(b) , good hysteresis curves were obtained. Even when the 
platinum layer put therebetween was as thin as 3 0nm, the 
aluminum titanium nitride layer functioned effectively to 
prevent oxygen diffusion and oxidation. It was thus confirmed 
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that the object capacitor operation was satisfactory with a 
voltage supplied from the substrate. 

To select certain materials of a conductive oxide layer 
and an oxide dielectric layer is not essential in the 
embodiments of the present invention. For example, any of 
the conductive oxides of Ir0 2 , SrRu0 3 , and Re0 3 can be used to 
obtain the same effect. In addition, any of lead zirconate 
titanate [Pb (Zr x Ti!. x ) 0 3 ] with X other 0.5, lead strontium 
barium titanate [ (Ba x Sr x _ x ) Ti0 3 (x=0 to 1)], barium zironate 
titanate, and bismuth layered f erroelectrics can be used to 
form the object capacitor in the same way. 

As described in each of the embodiments of the present 
invention, if an aluminum titanium nitride layer for 
preventing oxygen diffusion and oxidation, which is one of 
the characteristics of the present invention, was formed, 
then the lower electrode layer and the oxide dielectric 
layer could be formed without oxidizing. the nitride layer 
even when adjacent metallic layers including the platinum 
one were thinned down to 3 0nm. Consequently, the 
interfacial resistance and the contact resistance of each 
electrode, as well as the capacitor aspect ratio could be 
reduced, thereby forming an oxide dielectric capacitor 
suitable for high integration. 

2 . How to Form a Semiconductor Device Provided with a 
Dielectric Capacitor 

Next, description will be made for how an oxide 
dielectric capacitor of the present invention is used in a 
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semiconductor device. A MOS transistor formed on a silicon 
substrate will be picked up as an example for the description 
with reference to the accompanying drawings with respect to 
the sixth to tenth embodiments of the present invention to be 
5 described below. The sixth to eight and ninth to tenth 

embodiments are based on the guideline 1 and 2 for selecting 
conductive materials respectively as described above. 
<Sixth Embodiment> 

In this sixth embodiment of the present invention, 

10 description will be made at first for the pre-process up to 
the forming of an oxide dielectric capacitor with respect to 
the manufacturing method of a semiconductor device. 

At first, description will be made for how to form a 
MOS transistor on a silicon substrate, then how to planarize 

15 the surface of the substrate once and finally for how to form 
a polycrystalline silicon plug used to connect the capacitor 
electrode electrically to the MOS transistor. The series 
of manufacturing processes will be described sequentially 
with reference to Figs. 12 to 15. 

2 0 As shown in Fig. 12, a switching transistor is formed in 

an existing MOSFET integrating process. Reference numeral 121 
denotes a p-type semiconductor substrate, 122 denotes an 
isolating insulator between devices, 123 denotes a gate oxide 
film, 124 denotes a word line used as a gate electrode, and 

25 125 and 126 denote n-type impurity diffusion layers in which 
phosphorus is doped respectively. Reference numeral 127 
denotes a passivation layer consisting of Si0 2 . Next, the 
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surface is covered completely with a 50nm thick Si0 2 layer 12 8 
by the chemical vapor deposition. After this, the surface is 
covered once with a 600nm thick Si 3 N 4 layer 129, then this Si 3 N 4 
layer 129 is etched as deep as the deposited film thickness, 
thereby filling the insulator between word lines. The 
structure is thus formed as shown in Fig. 12. The Si0 2 layer 
12 8 is an under layer for producing the bit lines in a 
subsequent process and is used to prevent exposure of the 
surface of the substrate, as well as damage to the isolating 
insulator 12 2 between elements. 

Fig. 13 shows the next process. The Si 3 N 4 portion where 
a bit line to be formed later will come in contact with the n- 
type impurity diffusion layer 12 5 on the surface of the 
substrate, as well as the Si 3 N 4 portion where a capacitor 
electrode to be formed later will come in contact with the n- 
type impurity diffusion layer 12 6 on the surface of the 
substrate are processed respectively so as to be perforated 
with holes using a photo- lithography method and a dry etching 
method. After this, amorphous silicon including an n-type 
impurity is deposited with a thickness of 600nm all over the 
portion including the holes, and then is annealed so as to be 
crystallized. The polycrystalline silicon is then etched as 
deep as the film thickness, so as to be structured as shown in 
Fig. 13. Consequently, the holes are filled with 
polycrystalline silicon 131 and 132. 

Fig. 14 shows the next process for forming a bit line. 
At first, the entire surface is covered with the SiQ 2 insulator 



141 using the chemical vapor deposition. Then, the Si0 2 
insulator positioned above the polycrystalline silicon 131 is 
perforated with holes using both photo- lithography method and 
dry etching method so that the bit line to be formed later are 
5 connected to the n-type impurity diffusion layer 12 5 

electrically. After this, metallic silicide to become a bit 
line later, as well as a polycrystalline silicon layer (142) 
are formed all over these holes. And, on the layer 142 is 
deposited an Si0 2 layer 143 with a thickness of 200 nm. The 
10 Si0 2 layer 143, the metallic silicide, and the polycrystalline 
° silicon layer 142 are then patterned using both photo- 

lithography and dry-etching methods, thereby forming a bit 
line 142 and an Si0 2 layer 143. Then, to insulate the side wall 
£" of the bit line 142, Si 3 N 4 deposited with a thickness of 150nm 

45 using the chemical vapor deposition, then etched using the 

dry-etching method, thereby forming an Si 3 N 4 side wall spacer 
go 144. Finally, the Si0 2 insulator 141 positioned above the 

polycrystalline silicon 132 is treated using both photo- 
lithography and dry-etching methods, thereby making holes. 
2 0 These holes are used to connect a capacitor electrode to be 
formed later to the n-type impurity diffusion layer 12 6 
electrically. 

Fig. 15 shows the process for planar izing the surface 
of the substrate and forming a conductive polycrystalline 
25 silicon plug before the object capacitor is formed. At 

first, an insulator 151 is deposited on the substrate with 
a thickness sufficient to planarize the surface of the 
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substrate. In this embodiment of the present invention, a 
500nm thick boron phosphorus silicate glass (BPSG) is used, 
but another silicon oxide film may be used instead of the 
BPSG. The glass is planarized by chemical mechanical 
polishing. The surface of the substrate can also be covered by 
Si0 2 using the chemical vapor deposition, then etched back to 
planar ize the surface. Next, the photo- lithography and the dry 
etching method are applied to the insulator 151 positioned 
above the n-type impurity diffusion layer 12 6, thereby making 
contact holes. After this, phosphorus-doped amorphous silicon 
is deposited all over the surface including those holes with a 
thickness of 2 00nm using the chemical vapor deposition, and 
then it is annealed to crystallize the surface. The surface is 
then etched back using the dry etching method, thereby forming 
each polycrystalline silicon plug 152 filled with 
polycrystalline silicon. 

This completes the pre-process for forming the oxide 
dielectric capacitor. 

Next, description will be made for respective processes 
for forming an oxide dielectric capacitor including a double- 
layered conductive oxide later on the substrate for which a 
MOS transistor and a polycrystalline silicon plug are already 
formed. In this embodiment, the lower electrode takes a 
structure in which a conductive oxide layer with oxygen 
deficiency is formed directly on the polycrystalline silicon 
shown in Fig. 2 . 

At first, as shown in Fig. 16, a lOnm thick conductive 
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oxide layer 161 (Ru0 2 ) with oxygen deficiency is formed in 
an Ar atmosphere using the RF-magnetron sputtering method 
as described in detail in the first embodiment of the present 
invention. Then, oxygen is introduced at a gas flow ratio 
up to Ar/0 2 =9/l, and the total pressure is increased as well, 
thereby stacking a 50nm thick conductive oxide layer 162 so 
as to form a double- layered conductive oxide layer (161 and 
162). After this, the layer (161 and 612) was covered with 
a 50nm thick W film using the DC sputtering method. Then, 
a photoresist masking pattern was transferred onto the surface 
of the layer (161 and 162) using the dry etching method. This 
transferred pattern was used as a mask to pattern the double- 
layered conductive oxide layer (161 and 162) using the 
sputtering etching method. Then, the transferred mask was 
removed by etching and an oxide dielectric layer 163 was 
formed. In the embodiments of the present invention, lead 
zirconate titanate [Pb (Zr 0 . 5 Ti 0 5 ) 0 3 was used as an oxide 
dielectric. The deposition method was as described in detail 
in the second and third embodiments of the present invention. 
The film thickness was lOOnm. Finally, a platinum cell plate 
electrode 164 was formed to complete the object memory cell 
capacitor. 

The polarization hysteresis characteristics of the oxide 
ferroelectric capacitor (sample) were measured by changing the 
capacitor area from 0.2 to 25 fira 2 . As a result, a satisfactory 
hysteresis curve was obtained, enabling a voltage to be 
supplied to the oxide dielectric layer from the 
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polycrystalline silicon plug 152 in any cases. 

In the embodiments of the present invention, it is not 
essential to select a particular material for the oxide 
dielectric layer. Any of lead zirconate titanate 
[Pb(Zr x Ti!_ x ) 0 3 ] with y other than 0.5, strontium barium 
titanate [Ba x Sr!. x ) Ti0 3 (X=0 to 1)], lead barium zironate 
titanate, and bismuth layered f erroelectrics can be used to 
form memory cells in the same way. In addition, the same 
effect could be obtained for the conductive oxide layer using 
any of the compounds described in the first embodiment of the 
present invention. 
<Seventh Embodiment> 

In this seventh embodiment of the present invention, 
description will be made of a process for forming an oxide 
dielectric capacitor on a substrate after finishing the 
processes from forming a MOS transistor up to forming a 
polycrystalline silicon plug as described in detail in the 
sixth embodiment of the present invention. The capacitor 
includes a double- layered conductive oxide layer formed on 
an anti-diffusion non-oxide conductive layer as shown in 
Fig. 3. 

At first, as shown in Fig. 17, an anti-diffusion oxide 
conductive layer 171 is formed. In this embodiment, TiN is 
used for the anti-diffusion non-oxide conductive layer and 
such an example will be described in detail. However, note 
that the same effect was also obtained for the semiconductor 
device of the present invention when any of, the nitrides of 



Ta, Z r, Nb, V, and W were used. The nitride layer, as 
described in detail in the second embodiment of the present 
invention, was formed using the DC sputtering method that 
employed a metallic target. The film thickness was 40nm. After 
5 the film deposition, the sample was annealed at 800°C for two 
minutes in an ammonia gas atmosphere using the rapid thermal 
annealing method, thereby accelerating the crystallization of 
the film. 

Next, an SrRu0 3 layer was formed in a weak oxidizing 
10 atmosphere using the RF -magnetron sputtering method. The layer 
0 was used as a double-layered conductive oxide layer. The same 

1 effect can be obtained even with the film deposition in an Ar 

gas atmosphere. Then, a conductive oxide layer 161 (SrRuOj) 
{! with a lOnm thick oxygen deficient layer was formed at a gas 
15 flow ratio of Ar/O 2 =100/1, and then the gas flow ratio was 
C lowered to Ar0 2 =9/1 thereby stacking a 50nm conductive oxide 

*P layer 162 so as to form the double- layered conductive oxide 

layer (161 and 162) . The film deposition conditions including 
the temperature were the same as those in the second 
20 embodiment of the present invention described above. 

Next, the above layers were covered with a 50nm W film 
and a photo-resist masking pattern was transferred to the 
W film using the dry etching method. This transferred pattern 
was used as a mask for patterning the double- layered 
25 conductive oxide layer (161 and 162), as well as the anti- 
diffusion non-oxidizing conductive layer 171 through sputter- 
etching. The transferred mask was then removed and an oxide 
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dielectric layer 163 was formed. In the embodiments of the 
present invention, lead zirconate titanate [Pb(Zr 0 . 5 Ti 0 . 5 )O 3 ] was 
used as an oxide dielectric. The film deposition method was 
the same as described in the second and third embodiments of 
the present invention in detail. The film thickness was lOOnm. 
Finally, a platinum electrode 164 was formed to complete the 
object capacitor of a memory cell. 

The sample was then measured with respect to the 
polarization hysteresis characteristics of this oxide 
ferroelectric capacitor by changing the capacitor area from 
0.2 to 25 £im 2 . As a result, it was found in all cases that a 
voltage could be supplied from the polycrystal silicon plug 
152 to the oxide dielectric layer so as to obtain a 
satisfactory hysteresis curve. 

In the embodiments of the present invention, it is not 
essential to select a particular material for the oxide 
dielectric layer. Any of lead zirconate titanate [Pb ( Zr^i^) 0 3 
with x other than 0.5, strontium barium titanate [ (Ba^r^) Ti0 3 
(X=0 to 1) ] , lead barium zironate titanate, and bismuth 
layered f erroelectrics can be used to form memory cells. The 
same effect could also be obtained using any of the compounds, 
Ir0 2/ Ru0 2 , CaRu0 3 , SrTi0 3 to which La is added, and Re0 3 for 
the conductive oxide layer as described in the first to this 
embodiments of the present invention. 
<Eighth Embodiment> 

In this eighth embodiment of the present invention, 
description will be made of a process for forming an oxide 



77 



dielectric capacitor on a substrate after finishing the 
processes from forming of a MOS transistor up to forming of 
a polycrystalline silicon plug as described in detail in the 
sixth embodiment of the present invention. The capacitor 
includes a double-layered conductive oxide layer formed on an 
anti diffusion non-oxide conductive layer through a metallic 
layer as shown in Fig. 4. 

At first, as shown in Fig. 18, an anti-diffusion oxide 
conductive layer 171 is formed. In this embodiment, TiN is 
used for the anti-diffusion non-oxide conductive layer and 
such an example will be described below. However, note that 
the same effect was also obtained for the semiconductor device 
of the present invention when any of the nitrides of Ta, Zr, 
Nb, V, and W was used. The TiN layer was formed as described 
in detail in the seventh embodiment of the present invention. 
On this layer a 2 0nm thick metallic layer 181 was formed using 
the DC sputtering method. Although platinum was used in this 
embodiment, it was confirmed that the same effect was also 
obtained with the use of iridium and ruthenium. The film 
deposition conditions for the metallic layer were the same as 
those in the third embodiment of the present invention. 

Next, an Ir0 2 layer was formed in a weak oxidizing 
atmosphere using the RF -magnetron sputtering method. The layer 
was used as a double-layered conductive oxide layer. Of 
course, the same effect was obtained even with the film 
deposition in an Ar gas atmosphere. Then, a lOnm conductive 
oxide layer 161 (Ir0 2 ) with oxygen deficiency was formed at a 
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gas flow ratio of Ar/O 2 =100/1, then the gas flow ratio was 
lowered to ArO z =9/l so as to stack a 5 Oral conductive oxide 
layer 162 (Ir0 2 ) , thereby forming a double- layered conductive 
oxide layer (161 and 162) . The film deposition conditions 
including the temperature were the same as those in the third 
embodiment of the present invention described above. 

Next, the above layer was covered with a 50nm W film and 
a photo-resist masking pattern was transferred to the W film 
using the dry etching method. This transferred pattern mask 
was used for patterning the double-layered conductive oxide 
layers 161 and 162 and metallic layer 181, as well as for the 
anti-diffusion non-oxidizing conductive layer 171 through 
sputter-etching. The transferred mask was then removed and an 
oxide dielectric layer 163 was formed. In the embodiments of 
the present invention, lead zirconate titanate [Pb ( Zr 0 5 Ti 0 . 5 ) 0 3 
as used as an oxide dielectric. The film deposition method was 
the same as those described in the second and third 
embodiments of the present invention in detail. The film 
thickness was lOOnm. Finally, a platinum cell plate electrode 
164 was formed to complete the object capacitor of a memory 
cell. 

The sample was then measured with respect to the 
polarization hysteresis characteristics of this oxide 
ferroelectric capacitor by changing the capacitor area from 
0.2 to 25 )Ltm 2 . As a result, it was found in all cases that a 
voltage could be supplied from the polycrystal silicon 
plug 152 to the oxide dielectric layer so as to obtain a 



satisfactory hysteresis curve. 

In the embodiments of the present invention, it is not 
essential to select a particular material for the oxide 
dielectric layer. Any of lead zirconate titanate [Pb (Zr^i^J 0 3 
with X other than 0.5, strontium barium titanate [ (Ba x Sr x _ x ) Ti0 3 
(X=0 to 1)], lead barium zironate titanate, and bismuth 
layered f erroelectrics can be used to form memory cells in the 
same way. The same effect could also be obtained using any of 
the compounds, Ru0 2 , SrRu0 3/ CaRu0 3 , SrTi0 3 to which La is 
added, and Re0 3 as described in the first to third embodiments 
of the present invention for the conductive oxide layer. 
<Ninth Embodiment> 

In this ninth embodiment of the present invention, 
description will be made of a process for forming an oxide 
dielectric capacitor on a substrate after finishing the 
processes from forming of a MOS transistor up to forming of 
a polycrystalline silicon plug as described in detail in the 
sixth embodiment of the present invention. The capacitor 
includes an aluminum titanium nitride layer for preventing 
oxygen diffusion and oxidation. In this embodiment, the lower 
electrode layer takes a structure in which a metallic layer 
and an oxide dielectric layer are stacked sequentially on the 
aluminum titanium nitride shown in Fig. 5. 

At first, as shown in Fig. 19, an aluminum titanium 
nitride [Ti 0 . 7 Al 0 . 3 ) 0 . 5 N 0 . 5 ] layer 191 was formed using the RF- 
magnetron sputtering method. The target was a composite one 
obtained by depositing a proper amount of aluminum nitride 



plate on a titanium nitride plate. The film deposition 
conditions were as follows: temperature of the substrate 
heater; 550°C, incident power; 400W, total gas pressure; 8 
mTorr, argon discharge gas/nitrogen gas flow ratio; 90/10, 
deposition rate; 10 nm/min, and film thickness; 50nm. The same 
effect to be described below was also obtained using another 
aluminum or nitrogen content as indicated in Fig. 5. 

On this layer a 30nm thick metallic layer 181 was formed 
using the DC sputtering method. Although platinum was used in 
this embodiment, it was confirmed that the same effect was 
also obtained with the use of iridium and ruthenium. The film 
deposition conditions for the metallic layer were the same as 
those in the fourth embodiment of the present invention. 

Next, the layer formed above was covered with a 50nm 
W film and a photo-resist masking pattern was transferred 
to the W film using the dry etching method. Using this 
transferred pattern as a mask, the aluminum titanium nitride 
layer 191 and the metallic layer 182 were patterned through 
sputter-etching. The transferred mask was then removed and 
an oxide dielectric layer 163 was formed. In the embodiments 
of the present invention, lead zirconate titanate 
[Pb(Zr 0 .5Ti 0 . 5 )O 3 was used as an oxide dielectric. The film 
deposition method was the sol-gel method as described in the 
fifth embodiment of the present invention in detail. The film 
thickness was lOOnm. Finally, a platinum electrode 164 was 
formed and patterned to complete the object capacitor of a 
memory cell. 
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The sample was then measured with respect to the 
polarization hysteresis characteristics of this oxide 
ferroelectric capacitor by changing the capacitor area from 
0.2 to 2 5 jum 2 . As a result, it was found in all cases that a 
voltage could be supplied from the polycrystal silicon 
plug 152 so as to obtain a satisfactory hysteresis curve. 

In the embodiments of the present invention, it is not 
essential to select a particular material as the oxide 
dielectric layer. Any of lead zirconate titanate [Pb ( Zrjij^) 0 2 
with x other than 0.5, strontium barium titanate [ (Ba^r^) Ti0 3 
(X=0 to 1)] lead barium zironate titanate, and bismuth layered 
f erroelectrics can be used to form memory cells in the same 
way. 

<Tenth Embodiment> 

In this tenth embodiment of the present invention, 
description will be made of a process for forming an oxide 
dielectric capacitor on a substrate after finishing the 
processes from forming of a MOS transistor up to forming of 
a polycrystalline silicon plug as described in detail in the 
sixth embodiment of the present invention. The capacitor 
includes an aluminum titanium nitride layer for preventing 
oxygen diffusion and oxidation. In this embodiment, the lower 
electrode layer takes a structure in which a metallic layer, a 
conductive oxide layer, and an oxide dielectric layer were 
stacked sequentially on the aluminum titanium nitride shown in 
Fig. 5. 

At first, as shown in Fig. 20, an aluminum titanium 



nitride[ (Ti 0 . 5 Al 0 . 5 ) o.sNo.s] layer 191 and a metallic layer 181 
were formed using the same method as that in the ninth 
embodiment. The same effect to be described, below was also 
obtained using another aluminum or nitrogen content, as well 
as using iridium, ruthenium, and rhenium. 

A 50nm thick Ir0 2 layer formed using the RF-magnetron 
sputtering method was used as the conductive oxide layer 
201. The target was an Ir metal one. The film deposition 
conditions were as follows: temperature of the substrate 
heater; 500°C, incident power; I.5W/cm 2 , deposition rate; 3 
nm/min, discharge Ar gas/oxygen gas flow ratio; 50/50, and 
pressure : 7mTorr . 

Next, the layer formed above was covered with a 5 0nm 
W film and a photo-resist masking pattern was transferred 
to the W film using the dry etching method. Using this 
transferred pattern as a mask, the aluminum titanium nitride 
layer 191, the metallic layer 181, as well as a conductive 
oxide layer 201 were patterned through sputter-etching. 

The transferred mask was then removed and an oxide 
dielectric layer 163 was formed. In the embodiments of the 
present invention, bismuth layered f erroelectrics, Bi 4 Ti 3 0 12 , 
was used as the oxide dielectric. In an oxidizing atmosphere 
at 50 jitTorr in pressure, the titanium and bismuth were 
evaporated using an electron gun and an effusion cell 
respectively, thereby forming a lOOnm thick amorphous oxide 
layer at room temperature. After this, a rapid thermal 
annealing treatment was applied to the sample at 700°C for 
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2min in an oxygen atmosphere so as to crystallize the 
surface. Finally, a platinum cell plate electrode 164 was 
formed and patterned to complete the object capacitor of a 
memory cell. 

The sample was then measured with respect to the 
polarization hysteresis characteristics of this oxide 
ferroelectric capacitor by changing the capacitor area from 
0.2 to 25 fim 2 . As a result, it was found in all cases that 
a voltage could be supplied from the polycrystal silicon plug 
152 to the oxide dielectric layer so as to obtain a 
satisfactory hysteresis curve. 

Whether to select a conductive oxide layer or an oxide 
dielectric layer is not essential in the embodiments of the 
present invention. In addition, any of lead zirconate titanate 
[Pb (Zr x Tij._ x ) 0 3 (x=0 to 1), strontium barium titanate 
[ (BaxSr^x) Ti0 3 (X=0 to 1)], lead barium zironate titanate, 
bismuth layered f erroelectrics, and SrBi 2 Ta 2 0 9 can be used to 
form the object capacitor in the same way. Any of the 
conductive oxides of RuO z , SrRu0 3 , Re0 3 can also be used to 
obtain the same effect. 

As described in each of the embodiments of the present 
invention, a MOS transistor formed on a silicon substrate is 
applied to a semiconductor device provided in an oxide 
dielectric capacitor of the present invention. As for the 
guideline 1 for selecting conductive materials, a conductive 
oxide layer with oxygen deficiency was formed in a non- 
oxidizing atmosphere, thereby forming a double- layered 
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conductive oxide layer. Consequently, the object memory cell 
was formed without oxidizing the polycrystalline silicon (the 
sixth embodiment of the present invention) adjacent to the 
double-layered conductive oxide layer, the anti-diffusion non- 
oxide conductive layer consisting of a nitride, etc. (the 
seventh embodiment of the present invention) , and the anti- 
diffusion non-oxide conductive layer (the eighth embodiment of 
the present invention) through a metallic layer. In accordance 
with the guideline 2 for selecting conductive materials, an 
aluminum titanium nitride layer for preventing oxygen 
diffusion and oxidation was formed, thereby stacking an oxide 
dielectric layer (the ninth embodiment of the present 
invention) and a conductive oxide layer (the tenth embodiment 
of the present invention) without oxidizing the nitride layer 
even when the metallic layer consisting of platinum, etc. and 
adjacent to the aluminum titanium nitride layer for preventing 
oxygen diffusion and oxidation was thinned down to 3 0nm. The 
object memory cell could be formed in such a way. According to 
the structures and film deposition methods described above, it 
became possible to reduce both interfacial resistance and 
contact resistance of the object electrode, as well as to 
reduce the capacitor aspect ratio. It was thus possible for 
the present invention to obtain a semiconductor device 
provided with fine-structured memory cells suitable for 
high integration. 

In the above embodiments of the present invention, the 
semiconductor of the present invention was mainly applied 
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to a MOSFET. The semiconductor can also be applied to other 
devices that use oxide dielectrics (including oxide 
f erroelectrics) as a capacitor, for example, a GaAs MMIC that 
uses oxide dielectrics as a so-called path condenser and a 
5 chip condenser. 
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PTO/PCT Rec'd 1 2 MAY 1999 



SPECIFICATION 



Title of the Invention 



SEMICONDUCTOR DEVICE AND ITS MANUFACTURING METHOD 



Technical Field 

The present invention relates to a semiconductor 
device^sui table for LSIs, as wel I as a method jro r}*\ 
manufacturing such a semiconductor]. The semiconductor 
device uses oxide dielectrics, especially oxide 
ferroelectr ics (as itS^capaci tor. 

Background (Art) <{S* 

Semiconductor devices consisting of LSIs such as 

dynamic random access memories ( DRAMs), etc. have been 

confronted with problems that the capacitor area must be 
reduced to cope with high integration of the (object] LSl£ as], 
(well asjjsuch a semiconductor device must be prevented f rom/. x 
complicated structure caused by the reduction of (such] the 
^(capacity) area. In order to solve ^thos^A problems, therefore, 
A {TE) has beety,(exam!nedj to; use^ oxide dielectrics and oxide 

ferroelectr ics as the insulator of the capacitor , instead of 
[the) silicon oxide and (the] si I icon ni tr ide A(JavingJ been used 
so far. The relative dielectric constants of both oxide 



dielectrics and oxide ferroelectr ics are as large as several 
hundreds to several thousands. (The oxide dielectrics 
mentioned here do not include silicon oxides, [etc. It means) ^ 
so-called dielectrics whose relative dielectric constants 
are several hundreds.) The ferroelectr ics (has/^ spontaneous 

_ o\ iW 

polarization and [rtsjpolarityjcan be reversed using an 

external electric field. The reversed polarity can also be 

held. It has thus been (tnedj^to use such (the] ferroelectr ics 

for non-volatile memories. A conventional memory composed 

of such ferroelectr ics is disclosed in the official gazette 

of Unexamined Published Japanese Patent Application 

No. Sho-63-201998 (since oxide ferroelectr ics can be 

regarded (to be)/di electrics at temperatures above the Curie 

temperature, hereunder, (a word of)/ dielectrics will be used 

to describe the ferroelectr ics representatively). 

Generally, lead zirconate titanate, strontium barium 
titanate, and the like are used as oxide dielectrics for 

memories. However, it has been difficult to use oxide 
dielectric capacitors for semiconductor devices used as 
conventional memories, etc., since high temperatures above 
500 °C are needed to crystallize the oxide dielectrics in 
an oxidizing atmosphere. 

For example, it might be considered to adopt a 
structure (conventional structure 1 ;^oxkle 

dielectrics/platinum/silicon) (so)/that platinum can be used 



follower elect rode; resistant against both oxidation and 
thermal budget, provided under an oxide dielectric 

capacitor. However, plat inum and si I icon react (to}/ each 

jU If — \ 

othei£ thereby pi at inum silicide[is formedjat their 
interface. Consequently, the electrical resistance of each 
electrode increases. Thus, the (conventional structure 1) 
allowing such a platinum electrode to come directly in 
contact with both] si I icon substrate and polycrystall ine 
silicon will not be suitable. Instead of (such the] 
conventional structure 1, therefore, another structure was 
proposed in 1989 IEEE Int. Sol id-State Circuits Conf. Digest 
pp. 242-243- In (the)/ structure, oxide dielectric capacitors 
are formed on ^passivation layer. On the other hand, a MOS 
transistor is formed outside the capacitor area. And, a 
conductive wi ring layer using aluminum, andsthe I ike is 
applied, to connect the source or drain of the MOS transistor 
to the capacitor. In the case of this method that uses (this^ 
layer, 

of each memory eel I, so/ the method is not suitable for a 
memory (to be^highly integrated. 

The official gazette of Unexamined Published Japanese 
Patent Appl ication No. He i -3-256358 disclosed a method for 
highly integrating a memory formed as follows; a 
semiconductor substrate provided with a MOS transistor 

formed thereon is coated with an insulating material; ^pn the 



substrate an oxide dielectric capacitor is formed. In (Fhej^M^ 

method, contact holes are formed in the insulator and a 

conductive material is filled in the contact holes thereby 

to connect either [of) the source or the drain of the MOS 

transistor electrically to one of the two electrodes of the 

capacitor. Generally, polycrysta I i ine silicon is used as 

the conductive material to be filled ' n ^jj^ e contact holes. 

This structure, however, could not avoid / occur rence of the 

above problems. In other words, {such] a structure that 

crystallizes oxide dielectrics directly on polycrysta 1 1 ine 

silicon (conventional structure 2; oxide 

dielectr ics/polycrystal 1 ine silicon) oxidizes the 

interface between those materials, thereby forming a 

reaction insulating layer [therS. On the other hand, in order 

to prevent [such the formedjjl react ion insulating layer, the 

(conventional structure 3; oxide 

dielectrics/platinum/polycrystal I ine silicon) is 

required. In this structure, platinum is inserted between 

polycrysta 1 1 ine silicon and oxide dielectrics to cope with 

the problem. This structure is substantially the same as 

the (conventional structure 1) in conf igurat ion. Platinum 

and polycrystal I ine silicon react (tcjj each other, thereby 

forming silicide. As a result, the electrical resistance 

of each electrode increases, (is well astysilicon diffuses 

into A plat inunj, causing a silicon oxide film to be formed on 



the surface of the plat inum ^[andj the characteristics of the 
dielectric capacitor [to be[;deteri orated. Another problem ^^^^ ^ 
that the elements composing the dielectrics diffuse into the 
silicon substrate^ will occuj. 

In order to solve those problems, the official 
gazettes of Unexamined Published Japanese Patent 
Application No. He i -4-1 4862 and No. He i -4-1 81 766 disclosed 
(the)i(fourth structure 4; oxide dielectr ics/platinum/( Ti, 

Ta, TiN, etc. )/polycrysta I I ine silicon) having a non-oxide 
anti-diffusion conductive layer [for) (formed with jk\' X% 
TiN, etc.) so as to prevent inter diffusion between / plat inum 
electrode and silicon. 

In addition to platinum, Ti, Ta, TiN, etc. used for 
electrode components, conductive oxides are also used as 
each electrode of an oxide dielectric capacitor. Such an 
example is reported in (Journal of Material Research, Vol.8 
(1993), pp.12). This typical examp I e^jTs the) (fifth ^ ^ 
structure; oxide dielectrics/ruthenium oxide^SiO J). If 
oxide dielectrics can be put directly in contajt^with 
ruthenium oxide, an advantage will be obta i nedjV^the 
mechanical adhesive strength at the interface between oxide 
dielectrics and electrode increases more than when oxide 
dielectrics is put in contact with a completely different 
type metallic electrode. Such an increase of the ^chanical 
adhesive strength between oxide dielectrics and select rode 



can improve the characteristics of the oxide dielectric 
capacitor ^ such as/polar ization cycle, etc. In this example, 
the capacitor is formed on S i 0 2- If the capacitor is formed 
on polycrystal I ine silicon, however, ruthenium oxide, which 
is an oxide, should not be put in contact directly with 
polycrystal I ine silicon for the same reasons as in the case 
of the (conventional structure 1) and the (conventional 
structure 3). And, in order to prevent such a direct 
contact, a noble metallic layer made of platinum, ruthenium, 
and the like should be formed 'between them. In this case, 
the (conventional structure 6; oxide di elect r ics/ ruthenium 
oxide/(platinum/ruthenium, etc. )/polycrystal I ine silicon) 

will be used sui tably. 

[Disclosure^ of the Invention 

In the above related art, description was made ^for th^*/ 
conventional technology to be applied to memories to be 
integrated more highly by coating a MOS-transistor- 
formed-semi conductor substrate with an insulating 
mater i a I, y then forming an oxide dielectric capacitor 
thereon. As described above, the source or drain of the MOS 
transistor is connected electrically to one of the two 
electrodes of the capacitor through contact holes, which are 
generally filled with a conductive material consisting of 
polycrystal I ine silicon. And, the following two structures 



are adopted for the conventional technology described 
above : 

(Conventional Structure 4) 

Oxide dielectr ics/platinum/( Ti, Ta, 1 TiN, 
etc. )/polycrystal I ine si I icon 
(Conventional Structure 6) 

Oxide dielectr ics/ ruthenium oxide/Cplat inum, 
ruthenium, etc. )/polycrysta I I ine si I icon 

Each of the above structures includes the following 
problems. — f—t 

At first, the (^onvention alj^s'tructure 4) will be 
described. In order to crystal I ize oxide dielectrics, an 
oxidizing atmosphere at 500 °C or (over),* is requi red. Under 
such a condition, however, oxygen diffuses along grain 
boundaries, etc. of platinum crystal grains, (the rebyjj oxygen 
[reaches} I the ant i-di f fusion non-oxide conductive layer (Ti, 
Ta, TiN, etc.) to oxidize even (th^; layer. Consequently, the 
electrical resistance of the electrode itself increases. In 
order to avoid such a problem, the thickness of the platinum 
layer is increased. This method, however, makes it /UULA Jk, 
difficult to process the platinum layer, ' and (result)/ in an 
increasefof a leakVcurrent from the side wall of the 
capacitor. (Becausejj^the aspect ratio of the capacitor 
increases if the memory is highly integrated and {th^Afine 
capacitor is formed. And, this is why the (conventional ^ 



structure 4) cannot solve the conventional technology 
problems if Ti, Ta, TiN, etc. are used for an anti- 
interdi f fusion layer. 

Next, the (conventional structure 6) will be 
described. Also in this case, the ruthenium oxide layer is 
usually formed in an oxidizing atmosphere. Oxygen diffusion 
reaches up to polycrystal I ine silicon throughthe 
(platinum, ruthenium, etc.) layers, (di sab Mng^the 
(conventional structure 6; [to solve^the conventional 
technology problems^ including the one that an insulating 
layer is formed by [an)oxi da t ion. 

Such [the) conventional technology problems also occur 
not only from the^ mater ia Is \ [shown] above (concretely), but also 
from layers consisting^ (platinum, ruthenium, etc. ) 
classified into noble metals, layers consisting of (Ti, Ta, 
TiN, etc.) classified into an ant i -diffusion non-oxide 
conductive layer, and janjj ruthenium oxide layer classified 
into a conductive oxide even when those materials are 
classified according to more general categories. In other 
words, both (conventional structure 4) and (conventional 
structure 6) are represented using more general material 
categories, that is, oxide dielectr ic/noble metal /ant i- 
diffusion non-oxide dielectric layer/polycrystal I ine 
silicon in the (conventional structure 7) and oxide 
dielectric/conductor oxide/noble metal/polycrysta 1 1 ine ^. 
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silicon in the (conventional structure 8). The problems 

caused by each of the above I aye rs [compos ingj the above- <M^^* 

capacitor are summarized as follows. 

At first, a noble metal layer will (arisej;the following 
problems. (a) A noble metal layer will possibly cause a high 

resistance silicide to be formed if it comes in contact with 
silicon, (b) A noble metal layer will possibly become a 
diffusion path between chemical elements composing silicon, 
oxygen, and oxide. The problems (ar iserj from oxide 

dielectric and conductive oxide layers will be as follows. 

(c) Such a layer will possibly oxidize / electrodes, thereby 

increasing / electrode resistance or insulating electrodes. 

Finally, an ant i -di f fusion non-oxide conductive layer will 
grise)Jithe following problem. (d) The layer will possibly 

be oxidized and its resistance will increase significantly. 
J If the characteristics of both (conventional « 

structure 7) and (conventional structure 8) ar^gptjcedj^ j^^J) 

here, the (conventional structure 9) will be (reasoned! ; on (the) ° 

analogy of them. The (conventional structure 9) is obtained 

by compounding both of the structures simply. 

(Conventional Structure 9; oxide dielectric/conductive 

oxide/noble meta I. /ant i -diffusion non-oxide conductive 

layer/polycrystal I ine si I icon) 

In this case, if an ant i -di f fusion non-oxide 

conductive layer is inserted, it is possible to solve one 



of the problems (a)( si I icidation) and (b)(the diffusion of 
chemical elements composing silicon and oxides). However, 
the above problems (b), (c), and (d) related to oxygen 
diffusion and oxidation of electrodes remain unsolved just 
like the (conventional structure 4), since the conventional 
indispensable conditions for forming oxides in an oxidizing 
atmosphere are not improved (yet) at all. 

In other words, the conventional technology cannot 
solve the problems such as oxygen diffusion and oxidation 
both caused by such oxides as oxide dielectrics and 

conductive oxides against such non-oxides as noble metals, 
ant i -diffusion non-oxide conductive layers and 
polycrystal I ine silicon, not only when an oxide comes in 
contact with polycrystal I ine silicon directly, but also 
when an oxide comes in contact with polycrystal I ine silicon 
via a noble metal, as well as when an oxide comes in contact 
with an ant i -diffusion non-oxide conductive layer via a 
noble metal. 

As described above, in order to connect an oxide 
dielectric material to polycrystal I ine silicon 
electrically, an ant i -oxidation layer must be formed 
between -them. Conventionally, there [have) been no effective 
ant i -oxidation layer. Instead of such a layer, therefore, 
a metallic layer consisting of platinum, etc. (informed 
between them. Unfortunately, oxygen diffuses even at^grain 



boundaries of such a metallic layer, thereby reaching the 
ant i -oxidation layer and probably resulting in oxidation of 
the layer. The thickness °J^ the metallic layer was increased 
in some cases to compensate^ jthe) disadvantage, but this 
resulted in an increase of the aspect ratio of the capacitor. 
This method will thus be (Tmpropejjjifor forming fine- 
structured memory cells. To solve this problem, therefore, 
a new and effective ant i -diffusion or ant i -oxidation layer 
has been awaited. 

Under such jthe] c i rcumstances, it is (the)* first object 
of the present invention to provide a semiconductor device, 
which can solve the above conventional technology problems. 
In order to achieve the first object, the semiconductor 
device of the present invention is provided with a fine- 
structured memory, which can be highly integrated using an 
oxide dielectric material (including ferroelectr ics) for^ 

the insulator of the capacitor. 

It is (the^ second object of the present invention to 
°1 

provide a method (fo^ manufactur ing such a semiconductor 
device. 

in order to solve the above problems, the 
semiconductor device of the present invention, which 
includes a capacitor consisting of an oxide dielectric 
material, connects a semiconductor layer formed on the top 
surface of a semiconductor substrate or on a substrate to 
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an oxide dielectric material via at least two layer areas, 
each of which consists of a conductive, material different 
from the other. The materials of these two conductor areas 
(or material compositions) are combined thereby suppressing 
an increase of the electric resistance generated in the 
conventional technology in the ant i -diffusion or anti- 
oxidation layer disposed between a semiconductor area and 
an oxide dielectric material area. 

The semiconductor device of the present invention 
comprises (th^first area consisting of a semiconductor 
material which is conductive (wiring layers and electrodes 

consisting of a semiconductor substrate or a semiconductor 

o, 

film); fthe)^second area connected to the first area and 

consisting of (the^f i rst conductive material; (the>third area 

connected to the second area and consisting of {the] h second 

conductive material; (the)nfourth area connected to the third 

area and consisting of an oxide dielectric material; and £he} A < 

fifth area connected to the fourth area and consisting of 

a conductive material. Thus, the semiconductor device of 

the present invention has characteristics as follows in 

terms of the basic configuration; ^the material composition 

at the interface adjacent to the second area in the first 

area is approximately equal to the average material 

composition of the first area, and the material composition 

at the interface adjacent to the first area in the second 



area, as well as the material composition at the interface 

adjacent to the third area in the second area are 

approximately equal to the average material composition of 

the second area, respectively. As understood from these 

characteristics, the third and fifth areas (^ompofe)^ 

capacitor via the fourth area. The oxide dielectric 

material (composing) h the fourth area may be replaced with a 

so-called ferroelectric material indicating a 

characteristic ( hysteresis) that a polarization value is 

changed differently between increasing and decreasing an 

applied electrical field. ^ZJJ^ 

The present invention is fcharac ter izec^mainly as 

follows: The semiconductor is composed so that the first 
area has a material composition, which is approximately 
equal to the composition of the semiconductor material 
(compo^^Xt ne first area at the interface adjacent to the 
second area, and so that the second area has a material 
composition, which is approximately equal to the 
composition of the first conductive material at the 
interface adjacent to the first area and to the third area. 
In other words, the semiconductor device of the present 
invention is composed so as to make the material composition 
approximately homogeneous within the first and second ^[are|, 
respectively. And, there is no material (si I icon oxide, 
metallic silicide, titanium oxide, etc. described above) _ 
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that increases the electrical resistance in those areas. 

The materials that increase the electrical resistance as 

described above or the materials having an electrical 

insulating property actually (hereunder, to be referred to 

as a high resistance material) are formed around each 

interface between areas in a process in which the second to 

fourth areas are multi -stacked sequentially on the first 

area. On the contrary; according to the semiconductor 

device of the present invention, the first and second 

conductive materials are selected properly so as to prevent 

(formed^high- resistance material at the interface between 

the first and second areas, as well as at the interface 

between the second and third areas j and further, the first 

area is formed so that its material composition at the 

interface adjacent to the second areas becomes 

approximately equal to the average material composition in 
the first area, and the second area is formed so that its 
material composition at the interface adjacent to the first 
area, as well as at the interface adjacent to the third area 
become approximately equal to the average material 
composition in the second area. It will thus be understood 
clearly here that no high resistance materials are formed 
at the interface between the third and fourth areas because 
of the use of a noble metal of the (conventional structure 
7) or the use of a conductive oxide of the (conventional 



structure 8) in the third area. In addition, an area (layer) 

consisting of a conductive material composed differently 

from the first and second conductive materials may be formed 

between the third and fourth a reas^ thereby* to improve the 

electrical conductivity needed between the first and third 

areas or improve the conditions for forming (the}/oxide in the 

fourth area. In terms of the same aspect, an area (layer) 

consisting of a conductive material composed differently 

from the first and second conductive materials may be formed 

between the first and second areas. In short, what is 

important is that the second and third areas are connected 

to each other. 

In an embodiment of the present invention, it is most 
important that the first and second conductive materials 
should be selected properly. There are two guidelines for 
selecting conductive materials. The object of the first 
guideline is as follows; two conductive materials are 
conductive oxides composed of the same chemical element and 
of the same framework of 

the crystal structure. The composition ratio of oxygen in 
the first conductive material is set lower than that in the 
second conductive material. In other words, the first J$J%X 
conductive material is driven into ghep oxygen deficiency. 
The object of the second guideline is as follows; aluminum 
titanium nitride ( TiAIN) is used as the first conductive _ 
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material and an ant i -oxidation metallic material is used as 
the second conductive material. In any of the guidelines, 
the two conductive materials should preferably be selected 



under^ respectively. Hereunder, the present invention will 

be described in detail with reference to each of the 

guidelines. In the following description, the first to 

third areas (including a conductive material layer if it is 

provided between the third and fourth areas) will be 

referred to as the lower electrode and the fifth area as the 

upper electrode. 

1. Guideline 1 for selecting conductive materials 



areas used as a double- layered conductive oxide layer, which 

can suppress oxygen diffusion and oxidation (the third 

object of the present invention) in order to achieve the 

first object of the present invention, as well as to provide 

a method [forjjLanufactur ing the double- 1 aye red conductive 

oxide layer, which can suppress oxygen diffusion and 

oxidation (the fourth object of the present invention) to 

achieve the second object of the present invention. 

Here, _ description will be made first (for^the structure 
of a semiconductor device that uses a capacitor consisting 
of an oxide dielectric material, especially the structure 
of a semiconductor device composed of a doub I e- layered ^ 




Th i s gu i de I i ne i s ; 




and third 



conductive oxide layer, etc. including a conductive oxide 

layer with oxygen deficiency. Next, description will be 

made sequential ly (?o?)j|the characteristics and concrete 

examples of metallic layers, the characteristics ^and 

concrete examples of ant i -diffusion non-oxide conductive 

layers, and concrete examples of oxide dielectric 

materials. Description will also be made [fo?)jthe 

characteristics and concrete examples of double- layered 

conductive oxide layers including a conductive oxide layer 

with oxygen def iciency ^ respect ive I y^ together with means for 

achieving the second object of the present invention 

A 

described above, that is, a method jfor)manufactur ing a 
semiconductor device of the present invention. The method 
for achieving the third object of the present invention will 
also described in detail, together with the method for 
achieving the first and second objects. The method for 
achieving the fourth object of the present invention will 
be described in detail, together with the method for 
achieving the second object. 

Next, description will be made (for^a semiconductor 
device that will achieve the first object of the present 
invention described above. The semiconductor device of the 
present invention includes a capacitor composed of oxide 
dielectrics used as an insulator. Fig. 1 shows a schematic 
diagram of such a capacitor composed of oxide dielectrjcs. 



Fig. 1 does not show a detailed structure of the capacitor 
of the semiconductor device, which is composed of oxide 
dielectrics. It shows mul t i -stacked layers of the capacitor 
in order to simplify the structure. An oxide dielectric 
capacitor consists of a lower electrode layer 11 formed on 
a substrate (shown only in the direction of the substrate 
side 10 in Fig. 1), an oxide dielectric layer 16 formed on 
the layer 11, and an upper electrode layer 17 formed on the 
layer 16. The lower electrode layer 11 includes a conductive 
oxide layer 12 and this conductive oxide layer 12 consists 
of two adjacent layers 14 and 15, which have the same crystal 
structure and consist of the same chemical elements. Each 
of the layers 14 and 15 has a composition ratio of oxygen 
different from the other. In other words, only the 
conductive oxide layer 14 positioned at the substrate side 
^Tnc I udes) I oxygen deficiency. These conductive oxide layers 
14 and 15 correspond to the second and third areas described 
above. 

In such a semiconductor device, the lower electrode 
layer 11 is connected electrically to the source area or the 
drain area of a MOS transistor formed on the substrate via 
the lower electrode layer component 13 including at least 
more than one layer formed closer to the substrate than the 
conductive oxide layer 14 with oxygen deficiency. 
Hereunder, an example of this lower electrode layer 
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component 13 will be described in detail with reference to 
Figs. 2, 3 and 4. 

Fig. 2 shows a configuration of an oxide dielectric 
capacitor when the lower electrode layer component 13 which 
is positioned closer to the substrate than the conductive 
oxide layer 14 with oxygen deficiency in Fig. £3 consists of 
a conductive polycrystal I ine silicon layer 20. The 
conductive polycrystal I ine silicon layer 20 mentioned here 
corresponds to the first area described above. A structure 
in which an oxide comes in contact with silicon directly is 
not favorable as described above with respect to the 
conventional structure, since silicon is oxidized 
unavoidably under typically necessary conditions for ^^m, 
crystallizing the oxide, that is, at 500 °C or (over?/ in an 
oxidizing atmosphere. According to the present invention, 
however, the conductive oxide layer 14 with oxygen 
deficiency is formed(as an) adjacent (Tayer ofjlthe 
polycrystal I ine silicon layer 20, so that the structure as 
shown in Fig. 2 is realized. The characteristics of the 
double- layered conductive oxide layer 12 including the 
conductive oxide layer 14 with oxygen deficiency will be 
described later. .1 



electrode layer consists of a non-oxide conductive layer for 



Fig. 3 shows (a) configuration of an oxide dielectric 
capacitor when the component 13 (composing)^: he lower 
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anti -diffusion 30 and a conductive poiycrystai I ine silicon 
layer 20. The lower electrode layer is positioned closer 
to the substrate side than the conductive oxide material 14 
with oxygen deficiency as shown in Fig. 1. The artti- 
diffusion non-oxide conductive layer 30 corresponds to a 
layer formed between the first and second areas described 
above. The conventional technologies cannot avoid 
oxidization of the ant i -di f fusion non-oxide conductive 
layer caused by the oxygen that diffuses at grain boundaries 
in a noble metal at 500 °C or over in an oxidizing atmosphere, 
even when a noble metal is used to separate the oxide from 
the ant i -diffusion non-oxide conductive layer as seen in the 
(conventional structure 7). Those are typical conditions 
needed to crystallize an oxide. Thus, such a structure (asluJ~^ 
(aj lowing^ an oxide (to be put) in contact directly with the 
ant i -diffusion non-oxide conductive layer 30 as described 
above is not suitable. According to the present invention, 
however, conductive oxide layer 14 with oxygen deficiency 
is /adjacent to the ant i -diffusion non-oxide conductive 
layer 30, the structure as shown in Fig. 3 is gnus) realized. 
The characteristics of the double- layered conductive oxide 
layer 12 including the conductive oxide layer 14 with oxygen 
deficiency will be described later. 

-m 

Fig. 4 shows [a)confi gu rat ion of an oxide dielectric 
capacitor when the component 13 (composing the lower 
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electrode layer positioned closer to the substrate side than 
the conductive oxide material 14 with oxygen deficiency 
shown in Fig. 1 consists of a metallic layer 40, an anti- 
diffusion non-oxide conductive layer 30, and a conductive 
polycrystal I ine silicon layer 20. The metallic layer 40 and 
the ant i -diffusion non-oxide conductive layer 30 correspond 
to a layer formed between the first and second areas 
described above (respect i vefj. The conventional 
technologies cannot avoid oxidization of the ant i -diffusion 
non-oxide conductive layer, wh i ch /caused by ghe) oxygen 
diffusion through the metallic layer 40 at 500 °C or (ovejjfi 
in an oxidizing atmosphere, which are typical conditions 
needed to crystallize oxides. In order to suppress such [the] 
oxidization, therefore, the thickness of the metallic layer 
40 must be increased as described above. According to the 
present invention, however a conductive oxide layer 14 with 
oxygen deficiency is/adjacent to the metallic layer 40. The 
structure as shown in Fig. 4 is thus realized regardless 



ioweverJ A thin the metallic layer 40 is. The characteristics 



of the double- 1 aye red conductive oxide layer 12 including 
the conductive oxide layer 14 with oxygen deficiency will 
be described" later. 

A noble metal highly resistant to oxidization will be 



layer. Concretely, among noble metals, at least one of the 




considered as a candidate for forming such (th§\ metal I ic 
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fol lowing noble metal elements will be suitable; platinum 
which is highly resistant to oxidization, ruthenium, or 
iridium composed of the same element as the noble metal 
element included in the conductive oxide layer to be 
described later. 

Hereunder, materials suitable for the anti-diffusion 
non-oxide conductive layer will be described. Necessary 
conditions to satisfy the requirements of the anti- 
diffusion non-oxide conductive layer 30 are conductivity at 
first, then resistance to oxidization, and resistance to 
reaction with silicon. Compounds to be considered as 
candidates for the anti -di f fusion non-oxide conductive 
layer 30 are nitride, silicide, boride, and carbide. The 
anti-reaction to silicon is stable in any of those 
compounds. Any of them can be used with no problem. Of 
course, if the object semiconductor device is annealed at 
1000 °C or^ovej, the elements of any of those compounds will 
react to silicon, thereby forming reaction products of high 
resistance or insulation proper t ies ..possibly. However, a 
back-end process including (forming]/ of an oxide dielectric 
capacitor for a semiconductor device will require only a 
heating condition of 800 °C atAhighest for a few minutes, 
which will not form such reaotion products caused by mutual 
diffusion of elements. The reaction to silicon can thus 
be neglected. As for the resistance to oxidization, ^there 
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will arise no problem in the casejof thatjjthe conductive 

oxide layer with oxygen deficiency of the double- layered 

conductive oxide layer is put adjacently the ant i -di f fusion 

non-oxide conductive layer (Fig.3). As fto)j[be described 

later, this is because the conductive oxide layer with 

oxygen deficiency must be formed in a non-oxidizing 

atmosphere and the conductive oxide layer with oxygen 

deficiency functions as an obstacle in the oxygen diffusion 

path. In addition, since the conductive oxide layer with 

oxygen deficiency is over-stacked on the ant i -diffusion 

non-oxide conductive layer 30 with a metallic layer 

therebetween (Fig. 4), the ant i -diffusion non-oxide 

conductive layer 30 is separated farther from the oxide 

layer. In addition, forming a metallic layer adjacent to 

the anti-diffusion non-oxide conductive layer (have) never 

^ar iserfyany problem conventionally. 

Hereunder, a concrete example of the ant i -di f fusion 
non-oxide conductive layer will be described. A nitride 
will be suitable if it includes at least one of such metal 
types l Ti, Ta, Zr, Nb, V, and W, since it becomes very 
conductive. In addition a those mater ials, & si l icide such as 
Ti, ^boride such as La, /^carbide such as Ti, will also be 

sui table. 

Next, materials suitable for an oxide dielectric 
layer will be described. Ferroelectric materials are. also 
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oxide dielectric materials, of course. There is no reason 
jthat mustjjl limit the materials. There are some well-known 
materials as shown below, however. Typical examples of 
oxide dielectrics of which/, center element is titanium are; 
lead zirconate titanate obtained by replacing part or (whole] 
of the titanium with zirconium, lead barium zirconate 
titanate .obtained by replacing part or jwhole)gof the lead with 
barium, k barium strontium titanate including only alkaline 
earthmetals, etc. As typical examples of bismuth-system 
dielectrics composed in a layered structure, there are a 
bismuth layered dielectrics such asjBi 4 Ti 3 0 12 , SrBi 2 Ta 2 09,J 
etc. 

In addition to those well-known oxide- dielectrics and 
oxide ferroelectrics, fas well as] new oxide dielectrics and 
oxide ferroelectrics to be discovered in the future, etc. 
are usable as the oxide dielectric layer described above. 

Next, the characteristics of the double- 1 aye red 
conductive oxide layer 12 including a conductive oxide layer 
with oxygen deficiency will be described, (sinc§M mentioned 
(so) in the description of the structures shown in Figs. 2 to 
4. Here, description will be made for the structure, 
function, and manufacturing method of the double- layered 
conductive oxide layer in order to achieve the method Qorj^j 
manufacturing the semiconductor device, which is the second 
object of the present invention, the function of the ^ 
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double-layered conductive oxide layer that can suppress 

oxygen diffusion and oxidation, which is the third object 

of the present invention, and the method (fojr^manufactur ing 

the double- 1 aye red conductive oxide layer, which is the 

fourth object of the present invention. 

As described above, it is/ oxidizing of the anti- 

diffusion non-oxide conductive layer and poljj^stamne 

silicon that are already stacked (to become)/ a problem when 

|ln) forming an oxide layer for dielectrics and electrodes. 

The oxidation is caused by an oxidizing atmosphere, which 

is indispensable for forming oxide layers. What must be 

sis 4$ ^ ^ * 

emphasized here/\ that [a}problem is not; reaction between oxide 

and silicon or between oxide and an ant i -di f fusion non-oxide 

conductive layer. In terms of the standard Gibbs free 

energy, oxides composed of alkari earthmetals such as Sr and 

Ca, and transition elements such as Ru and Ti are more stable 

than oxidation of Si. An ant i -diffusion non-oxide 

conductive layer composed of nitride, silicide, boride, and 

carbide of transition metals cannorbe expected to be 

oxidized through reaction (ttyan oxide in terms of the tree 

energy. If anything, they are all oxidized by an oxidizing 

active gas in the atmosphere needed for forming an oxide 

layer. Consequently, the present inventor has concluded 

that the above problems can be solved if an oxide layer is 

formed in a non-oxidizing atmosphere in expectation that^^f^ 
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other e I ements (compos i-ngjthe semiconductor device of the 
present invention would not be oxidized. 

Generally, the oxide dielectrics (including 
fer roelectr ics) forming an oxide dielectric 1 capacitor and 
oxide films such as conductive oxide electrodes are formed 
in an oxidizing atmosphere. This is mainly because oxides 
are unstable chemically in a non-oxidizing atmosphere and 
no oxide film is formed or even when it is formed, its 
characteristics are not satisfactory. Because the vapor 
pressure of typical elements is high, film formation under 
an insufficient oxidizing condition surely causes selective 
evaporation, that is, a variation in composition in oxide 
fer roelectr ics including group-4 and group-5 typical 
elements such as lead and bismuth. At the same time, since 
decomposed products other than object compounds also come 
to be mixed, the ferroelectric properties are degraded 
significantly. In addition, the non-oxidizing atmosphere 
causes oxygen deficiency in the object compound. In the case 
of oxide dielectrics including group-4 transition elements 
such as titanium and zirconium, oxygen deficiency will cause 
the dielectric constant to be lowered, fas well as) /causes a 
leakage currenlj. Consequently, it is not realistic to form 
an oxide dielectric film in a non-oxidizing atmosphere. 

As for another oxide for forming oxide dielectric 
capacitors, that is, conductive oxide electrodes, it was 
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expected that films could be^formed in a non-oxidizing 
atmosphere as long as (TtJ| does not affect the characteristics 
of electrodes or the object semiconductor device even when 
oxygen deficiency was introduced into compounds and 
simultaneously decomposed products were mixed while the 
films were formed in a non-oxidizing atmosphere. In other 
words, the oxygen deficiency reduces or increases the charge 
density, as well as changes its mobility, thereby increasing 
its resistivity. However, no problem arises as long as the 
resistivity required for the electrode layer is secured. 
Forming fof) fi Ims in a non-oxidizing atmosphere will also 
^ (arise] no problem as long as the resistance required for the 
electrode layer is secured even when the resistivity is 

increased by coexistence of some decomposed products. 

The component 13 of the lower electrode layer adjacent 
to the conductive oxide layer 12 in Fig. 1, corresponds to 
the polycrystal I ine silicon layer 20 in Fig. 2, the anti- 
diffusion non-oxide conductive layer 30 in Fig. 3, and the 
ant i -diffusion non-oxide conductive layer 30 through the 
metallic layer 40 in Fig. 4, respectively. In order to 
prevent those layers f rom^(oxidatiorj, the present inventor 
thought it would be better to form the side 14 at which the 
conductive oxide layer 12 was adjacent to the component 13 
(20, 30 and 40) of the lower electrode layer in a non- 
oxidizing atmosphere. The layer 14 was thus formed -jjp to 
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a certain thickness. And, the rest /layer 15 of the 
conductive oxide layer 12 was formed continuously in an 
oxidizing atmosphere by changing the oxidizing activity of 
only the film deposition conditions, such as the ^oxygen 
pressure and the type of the oxidizing gas. In other words, 
the conductive oxide layer 12 is composed of /j^acen^ [two] 
layers 14 and 15, and these two layers are [composed inj^the 
same crystal structure and (w i th^the same element, but 
differently from each other in the composition ratio of 
oxygen. Only the layer 14 of the two adjacent layers includes^ 
oxygen deficiency. The layer 14 is positioned at the 
gomposej component 13 side of the lower electrode layer, 
that is, at the substrate side. 

Since the conductive oxide layer 14 is^ffor medj'm a 

non-oxidizing atmosphere, the adjacent lower electrode 
layer component 13 (polycrystal I ine silicon layer 20, the 
ant i -diffusion non-oxide conductive layer 30, and the 
metallic layer 40) (ar^not oxidized. The conductive oxide 
layer 14 with oxygen deficiency, after it is formed once, 
is stable in terms of the standard Gibbs free energy. Then, 
the component 13 (20, 30, and 40) of the lower electrode 
layer is also not oxidized. And, as shown in Fig. 4, even 
when a metallic layer 40 is inserted therebetween, the 

ant i -diffusion non-oxide conductive layer 30 is never (be) 
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oxidized by oxygen diffusion, soothe thickness can be 
|hinne^as much as possible. 

After the [Formingjjof the conductive oxide layer 14 
with oxygen deficiency, the conductive ox Me layer 15 and 
the oxide dielectric layer 16 are formed in an oxidizing 
atmosphere. If the conductive oxide layer 14 i nc I udes oxygen 
deficiency, the layer 14 acts as a diffusion buffer layer 
against oxygen even when those layers 15 and 16 are formed 
in an oxidizing atmosphere. In other words, even when the 
surface of the conductive oxide layer 14 with oxygen 
deficiency is exposed to an oxidizing gas, the layer 14 acts 
as a buffer layer against xh ^J^ y9en diffusion ions - 5 s wef])^ 
gs) captures diffusing oxygen ions. Since the conductive 
oxide layer 14 itself is stable in terms of the standard 
Gibbs free energy, the layer 14 acts as an ant i -oxidation 
layer for the component 13 (20, 30, and 40) of the lower 
electrode layer. 

Consequently, the double- layered conductive oxide 
layer including a conductive oxide layer with oxygen 
deficiency, which is formed in a non-oxidizing atmosphere, 
acts as an excellent oxidation resistant film and an oxygen 
diffusion barrier layer. 

The thickness of the conductive oxide layer 14 (with 
oxygen deficiency), which is formed in a non-oxidizing 
atmosphere, should preferably be 10nm or larger. The ceason 
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is that the component 13 (20, 30, and 40) of the lower 

electrode layer is completely covered so as to be prevented 

from oxidizing when the conductive oxide layer 15 and the 

oxide dielectric layer 16 are formed in an oxidizing 

atmosphere. The upper limit is not determined specially for 

the thickness. All of the conductive oxide layers 12 may 

be composed of a conductive oxide layer 14 (with oxygen 

deficiency) which is formed in a non-oxidizing atmosphere. 

In this case, however, since the following oxide dielectric 

layer 16 is formed off course in an oxidizing atmosphere, 

the interface of conductive oxide layer 14 adjacent to the 

oxide dielectric layer 16 is oxidized. Consequently, a thin 

layer 15 is formed at the interface. The double- layered 

conductive oxide layer 12 can thus be formed. 

Hereunder, a non-oxidizing atmosphere will be 

described with respect to a method for manufacturing the 

£w teg* 

double- layered conductive oxide layer. (A_ certainynon- 

oxidizing atmosphere is an atmosphere including a hydrogen 

gas and a reducing gas. In such a reducing atmosphere, 

however, much oxygen i s [takeout] / wh i I e an oxide film is grown 

in the film deposition process. The film is thus possibly 

reduced to a^jmetalj. A mi Ider non-oxidizing atmosphere is 

an inactive gas atmosphere that uses inert ^assesj such as 

argon and helium, or a vacuum into which none of oxidizing 

gases such as oxygen (0 2 ), nitride monoxide (N 2 0), njtric 
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dioxide (N0 2 ), ozone (0 2 ), etc. is introduced intentionally. 
If the component 13 of the lower electrode layer is assumed 
to be an ant i -diffusion non-oxide conductive layer 30 (or 
a metallic layer 40) and a conductive oxide layer to be 
formed is more reactive to oxygen than the ant i -di f fusion 
non-oxide conductive layer 30, it can apply a weak oxidizing 
atmosphere including oxidizing gases such as oxygen, 
nitrogen monoxide, nitrogen dioxide and ozone, etc. 
slightly. In other words, as described jQj-the conventional 



non-oxide conductive layer is oxidized in a remarkable 

oxidizing atmosphere. In the atmosphere including a slight 

oxidizing gas, the ant i -di f fusion non-oxide conductive 

layer is not oxidized while a conductive oxide layer with 

oxygen deficiency can be formed. This is because an energy 

barrier for oxidation exists between the anti-diffusion 

non-oxide conductive layer in which compounds are already 

formed and the conductive oxide layer. 

Concretely, the condition of a non-oxidizing 
atmosphere depends on respective film deposition methods 
with which a conductive oxide layer is formed. At first, 
when an oxide film is formed in an inert gas or inactive gas 
atmosphere or in a vacuum, no oxygen is supplied from the 
growth environment. The film deposition source must include 



technologies, 




oxygen. 



This film deposition category includes a sputtering 
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method, a laser deposition method, both of which use a 

sintered oxide target, an electron beam evaporation method 

that uses an oxide evaporation source, etc. Since the 

sputtering method needs a discharge gas, introduction of (an) 

argon (Ar) gas of 3N (99.9%) or up in purity by a few mTorr 

to a few tens of mTorr will do. It should be avoided, 

however, to use a gas of low purity, since such a gas brings/ 

an unexpected result such as unstable discharge, 

precipitation of impurity phases, etc. The laser deposition 

method can form oxide films in a vacuum. Of course, no 

problem will occur if any of t inert gasiesjj are used just like 

in the sputtering method, but it makes no sense principally. 

Films can also be formed byjlelectron beam deposition method 

that uses an oxide evaporation source. The vacuum mentioned 

here is a state achieved by any ofjfevacuat ion devices without 

introducing oxidizing gases such as oxygen, nitrogen 

monoxide, nitrogen dioxide, ozone, etc. intentionally. The 

pressure should preferably be 1 jtzTorr or under in terms of 

the non-oxidizing atmosphere in both laser deposition and 

electron beam deposition methods. 

Each of the film deposition methods described above 
can be applied to form an oxide film on the ant i -diffusion 
non-oxide conductive layer (including a case when the layer 
is formed via a metallic layer) in a weak oxidizing 
atmosphere including oxidizing gases such as oxygen, 
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nitrogen monoxide, nitrogen dioxide, ozone, etc. slightly. 
The sputtering method is just required to include an 
oxidizing gas used as a discharge gas. The laser deposition 
method is just required to include an oxidizing gas. The 
electron beam deposition method, when used in a vacuum, can 
use only an oxide as an evaporation source. When it is used 
in a weak oxidizing atmosphere, however, it can also use a 
metal evaporation source. Consequently, the method can use 
a heater such as an effusion cell (Kcell) as a heating source 
in addition to the electron beam. The pressure should 
preferably be 10 #Torr or lower in total pressure or partial 
pressure of the oxidizing gas in use in terms of the 
non-oxidizing atmosphere in any of the sputtering method, 
the laser deposition method, and other deposition methods 
that use an electron beam and a heater. 

On the basis of the ideas described above, the 
following results have been obtained when (Tn) check i ng (of) the 
conductive oxides that can satisfy the conditions with 
respect to the rutile structure, the perovskite structure, 
and the ReO 3 structure in which many conductive oxides are 
known: (a) The resistivity in the room temperature is 0.01 
Qcm or lower, (b) Possible to be stabilized in a non- 
oxidizing atmosphere and under typical conditions(oxygen 
pressure of 1 #Torr and temperature of TOO °C). 
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In order to satisfy the above requirement (b), it is 
not desirable that a conductive oxide is composed of <\ 
raulti-valent ion, (which a rejfpos i t i ve center cation. 
Consequently, conductive oxides including 1 Cr, Mn, Fe, Co, 
Ni, Cu, and V are excluded. 

There are two conductive oxides that crystallized in 
the rut i le structure; (RuO g andflrO 2} 

There are three conductive oxides that crystallized 

in the perovskite structure; CaRuO 3 and SrRO 3 whose center 

element is Ru (ruthenium), and (La, Sr) Ti0 3 in which part 
SrTcQs 

of SrofjSrTiO 3 ] whose center element is Ti (Titanium) is 
replaced with La by over 0.5 weight % to 4.0 weight % 
(included) in quantity. 

Re0 3 is another conductive oxide that takes the ReO 3 
structure. 

When forming a conductive oxide in a non-oxidizing 
atmosphere, oxygen deficiency is introduced as described 
above. In the thermal equilibrium state, onlyjslight oxygen 
deficiency of 0.1% or lower is .introduced as a point defect, 
but film deposition is of ten jmadejun a non- equilibrium 
state. Thus, an extra oxygen defect is easily frozen 
excessively unlike in the thermal equilibrium state. It is 
very difficult, however, even with the current analysis 
technique to measure an oxygen defect concentration 
specific to films. Actually, it is impossible to define an 
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oxygen defect concentration with an accurate value. On the 

other hand, no remarkable impurity was identified when a 

crystal structure of the film which was deposited in a 

non-oxidizing atmosphere was analyzed by an X-ray 

diff ractometer. The stoichimetry of cations could be 

confirmed in the compositional analysis using the I CPS 

( Induct ivity-Coupled Plasma Spectroscopy). At this tAvnp^j^ 

the resistivity increased by almost 10% in maximum (than inj^ 

deposition of the same films in an oxidizing atmosphere. 

This suggests that an oxygen deficiency is surely 

introduced. 

A film formed in a non-oxidizing atmosphere will be 
defined concretely as follows on a condition that the 
permissible oxygen deficiency allows an objective structure 
to be kept stable. For the rutile structure, it is defined 
that an oxygen deficiency x is larger than 0 and smaller than 
a value that enables the rutile structure to be kept stable 
in the chemical formula M0 2 -x with oxygen deficiency in which 
both Ru and Ir transition elements are represented by M. For 
the perovskite structure, it is defined that the oxygen 
deficiency x is larger than 0 and smaller than a value (upper 
limit value) that enables the perovskite structure to be 

kept stable in the chemical formula AMO 3 -x with oxygen 

deficiency in which both Ru and Ti transition elements are 
represented by M, and Ca, Sr, and La elements are represented 
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by A, respectively. At this time, even when an ant i -site 
defect is i nt roducejd^^tw^n cations due to the introduced 
oxygen deficiency, (thereby a)} lattice constant becomes 
larger than the standard bulk value, the basic framework is 
judged to be still within the category of the perovskite 
structure. For the ReO 3 structure, it is defined that the 
oxygen deficiency x is larger than 0 and smaller than a value 
that enables the [fteO 3] structure to be kept stable in the 
chemical formula jffiO 3 -x) w '*h oxygen deficiency. 

The introduction of oxygen deficiency causes the 
resistivity of the conductive oxide to be increased by 
almost 10% in maximum, but the conductive oxide is kept low 
in resistivity grSugfi}Ato be used as electrodes. For example, 
the resistivity was increased by almost 10% in SrRuO 3 - x , but 
the resistivity was as small n as a few mQcm as an absolute 
value. InflrO 2 . x , RuO 2 -x . and ReO 3-x7) the resistivity was 
increased only to about double in maximum. In other words, 
it was confirmed that the conductive oxides could keep a 
resistivity (eHougff]/ to be used for electrodes even when the 
conductive oxides described above were formed in a non- 
oxidizing atmosphere. 

A possibility of coexistence of decomposed products 
was as described above when a conductive oxide was formed 
in anon-oxidizing atmosphere. Both RuO 2 and I r0 2 in rutile 
structures, as well as the ReO 3 are a monoxide respectively 
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and each of those structures includes only one type^cf 

transition element. Ipt^is thus no fear that they are 

decomposed thereby to produce other compounds. On the other 

hand, the perovskite structure expressed by 1 AMO 3 is a complex 

oxide which consists of an element M consisting of 

transition elements and an element A consisting mainly of 

alkaline-earth metals. It is thus possible that decomposed 

products coexist at a high temperature of about 700 °C in 

anon-oxidizing atmosphere. Actually, when Ca was included 

as an alkaline-earth metal, it was confirmed by an X-ray 

diff Tactometer that about a few % CaO existed as a decomposed 

product. Even when Sr was included, SrO was observed as a 

decomposed product in a stronger non-oxidizing atmosphere, 

that is, at a higher temperature and at a lower pressure. 

In any peases described above, therefore, it was recognized 

that nothing affected the resistivity [in tru^room 

temperature. It was concluded from this result that (fiigfi^i^ 

resistant decomposed products were distributed and c^^^fj^^ 

coexisted in a conductive oxide, so that a current was (flowed)^ 

in a lower objective conductive oxide. 

At a lower temperature than (the) room temperature, a 
metallic conduction was observed, where the resistivity was 
decreased as the temperature was decreased if there was no 
decomposed product. If decomposed products coexisted, a 
conduction that caused the resistivity to be increased was 
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observed. It was concluded from this result that the 
increase of the resistivity was caused by the conduction 
characteristics of decomposed products segregated along 
gra in boundaries ina[micro scop icj^fash ion. 4 

In any^jcases described above, at [the} room temperature 
or above, the increase of the resistivity caused by 

coexistence of decomposed products was within an allowable 
range for conductive oxide layers or semiconductor devices 
that used conductive oxide layers. in other words, each of/ 
conductive oxides that take the perosvkite structure may be 
a mixed phase of CaRuO 3 . SrRuO 3 . and (La, Sr) Ti0 3 in which 
a part of Sr of SrTiO 3 is replaced with La by over 0.5 to 
4.0 weights (included), and an alkaline earthmetal oxide CaO 
or SrO composing the subject oxide. , 

Description has been made Js_ cjfar jfor th^means for 
achieving the first object of the present invention, that 
is the characteristics of a semiconductor device, using 
oxide dielectrics as a capacitor insulator and a double- 
layered conductive oxide layer as an electrode element, as 
well as for the means for achieving the second object of the 
present invention, that is, a method (fo reforming the 
double- 1 aye red conductive oxide layer, selected from the 
methods (for^ manufacturing such a semiconductor device, and 
for the means for achieving the third object of the present 
invention, that is, the characteristics of the double- 
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layered conductive oxide layer that can suppress oxygen 

diffusion and oxidation, and for the means for achieving the 

fourth object of the present invention, that is, a method 

A 

(foi^forming the double- layered conductive oxide rayer. 

A 

Finally, description will be made Jfor th^ty 'means- for 
achieving the second object of the present invention, that 

A 

is, a method (For^ manufacturing such a semiconductor device. 

The method Qorjjlnanufactur ing the semiconductor device of the 

present invention includes processes for forming a lower 

electrode layer on a substrate as described above with 

reference to Figs. 1 to 4- The lower electrode layer consists 

of a polycrystal I ine silicon layer, a non-oxide conductive 

layer for ant i -di f fusion, a metallic layer, and a 

double- 1 aye red conductive oxide layer. Usually, a. 

polycrystal I ine silicon layer is formed using (the) chemical 

vapor deposition. The non-oxide conductive layer for 

°\ 

ant i -diffusion is formed using (the)A sputtering method, £h<§^ 

°\ 

vacuum deposition method, and (Theft CVD method. The metallic 

°\ 

layer is formed using (the] ^sputtering method. However, the 
methods for forming those layers are just examples and they 
are not limited for modification specially. How to form the 
double- 1 aye red conductive oxide layer is as describedjin 
detail. The compound of each layer for composing the lower 
electrode is also as described above in detail. 
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In order to form an oxide dielectric capacitor/ Jso thaj 
(Tt^ oxide dielectric layer isyjbetween the upper and lower 
electrode layers, an oxide dielectric layer is formed on 
this lower electrode layer, then the upper ^electrode layer 
is formed on the oxide dielectric layer. Concrete compounds 
used for forming the oxide dielectric layer are as described 
above in detail. The so I -gel method with use of alkoxide, 
the vacuum deposition method, the chemical vapor 

deposition;, the sputtering method, etc. can be used to form_^ 
the oxide dielectric layer. The methods are not limited only/i 
those specially. The upper electrode layer should 
preferably be formed with the same conductive oxide as that 
of the lower electrode layer if the symmetry of the current 
- voltage characteristics of the dielectric capacitor, as 
well as the symmetry of the polarization hysteresis curve 
of the ferroelectric capacitor are considered to be 
important. However, the semiconductor device will work as 
expected even if the conductive oxide and a noble metal such 
as platinum, ruthenium, and iridium are different between 
the upper and lower electrode layers. The upper electrode 
layer can be formed by any of sputtering, vacuum deposition, 
sol-gei, and chemical vapor deposition methods. The film 
deposition method is not limited only to those specially^ ^j^-J 
even when a noble metal is used for forming the upper 
electrode layer. - 
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Before the oxide dielectric capacitor, that is, the 
lower electrode layer is formed, part of a MOS transistor 
is formed on the substrate. The source area or the drain 
area of the MOS transistor is connected electrically to the 
lower electrode layer through the conductive material 
filled in the contact holes formed through the insulator, 
which covers the semiconductor substrate on which the MOS 
transistor itself is formed. Polycrystal I ine si I icon 
formed using the chemical vapor deposition h is often used as 
the conductive material filled in these contact holes. The 
polycrystall ine silicon deposition \method and the filling 
material are not limited only those specially. 
2. Guideline 2 for Selecting Conductive Materials 

This guideline is determined to achieve the first and 
second objects of the present invention, especially on the 
basis of the configuration of (the conventional technology 
7). 

In order to achieve the first object of the present 
invention, the semiconductor device of the present 
invention is provided with ^n) oxide dielectric capacitors 
formed on a semiconductor substrate. The capacitor consists 
of a lower electrode layer including an aluminum titanium 
nitride layer, an oxide dielectric layer formed on the 
aluminum titanium nitride layer, and an upper electrode 
layer formed on the oxide dielectric layer. Figs. 5 -.and 6 
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show two typical cross sectional views of the lower 

electrode layer. Figs. 5 and 6 do not show any detailed 

structure of the oxide dielectric capacitor provided in the 

semiconductor device of the present invention, but they show 

simplified views of how each layer of the capacitor is 

stacked. 

In Fig. 5, the lower electrode layer 11 consists of the 
aluminum titanium nitride layer 50 formed on the 
polycrystal I ine silicon layer 20, and the metallic layer 40 
formed (fur the rj on the layer 50. The conductive 
polycrystal I ine silicon layer 20 corresponds to the first 
area described above in the concept of the semiconductor 
device. The aluminum titanium nitride layer 50 corresponds 
to the second area described above in the concept of the 
semiconductor device. The metallic layer 40 corresponds to 
the third area described above in the concept of the 
semiconductor device. In Fig. 6, a conductive oxide layer 
60 is stacked on the component of the lower electrode layer 
11 shown in Fig. 5. This conductive oxide layer 60 
corresponds to an area provided between the third and fourth 
areas described above in the concept of the semiconductor 
dev i ce. 

The lower electrode layer 11 is also connected 
electrically to a predetermined area of the semiconductor 
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element formed on the substrate, for example, the source or 

drain area of a MOS transistor. 

Hereunder, the function of the aluminum titanium 

nitride layer 50 used for preventing i (oxygeh] diffusion and 

oxidation will be described. As/fdescribed) in the 

conventional technologies, the titanium nitride layer used 

as a layer for preventing oxygen diffusion and oxidation, 

which Jiave);been examined so far, is weak in ant i -reaction 
to oxygen. And, in order to compensate this weak point of 
the titanium nitride layer, it is indispensable to put a 
metallic layer made of platinum, etc. therebetween. A 

platinumT^of about 200nm in thickness is also needed^to secure 
a time of oxygen diffusion at grain boundaries in^platinum. 
On the other hand, the titanium nitride layer still hasj^ 
attraction, since it acts to prevent oxidization to a 
certain level while it keeps a high conductivity. This is 
why aluminum is added to titanium nitride to obtain a 
remarkable resistance to oxidization. The resistance was 
found as a result of examination for the possibility of 
improvement of the resistance to oxidization by adding the 
second metallic element to titanium nitride. 

The reaction of afhitri dej^to oxidization, thereby to 
be changed into an oxide, is considered to be a reaction (that]&- 
substitute oxygen with nitrogen in the nitride. In other 
words, it may be considered that the height of the energy 
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barrier between the nitride and the oxide dominates this 
substitution qualitatively. In the aluminum titanium 
nitride obtained by the present invention, the improvement 
of the ant i- react ion to oxygen is considered to be caused 
by this heightened energy barrier. Regardless of this 
chemical. (back groun^, however, it was found that the 

aluminum titanium nitride could funct ion (enough) as an 

jJh , . . 

anti-oxidizing layer if part ofjtitanium in the titanium 

nitride is replaced with aluminum. In terms of this 

anti-oxidizing property, if the chemical formula of the 

aluminum titanium nitride was expressed by (Ti^Alx) i- v Ny. 

x should preferably be 0-2 or above and y should preferably 

be 0-4 or above. If x is smaller than 0-2, the anti-oxidizing 

property is not improved at all. If y is smaller than 0-4, 

T i 0 2 produced by oxidization is observed in an X-ray 

diffraction measurement. 

Aluminum nitride is a high resistant material. If 

part ofjtitanium is replaced with aluminum, the resistivity 

increases. If such aluminum titanium is to be used for each 

electrode of a semiconductor device, the resistivity should 

preferably be 10m Q.cm or under. Consequently, if aluminum 

titanium nitride is represented by a chemical formula of 

(Ti 1 - x A1 x ) w N y , x should preferably be 0.5 or below and y 

should preferably be between 0.4 and 0-6- If an impurity 

phase is precipitated, the material becomes (TmhomogeneousJ^ 
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A} 



in the electrode, j thereby / forming of f ine- integrated memory 

cells is disabled. In order to avoid this, the x value should 

preferably be 0.6 or below and the y value should preferably 
be 0-2 or above, and 0.6 or below. 

In conclusion, the x value should preferably be 0.2 

or above, and 0.5 or below and the y value should preferably 

be 0.4 or above, and 0.6 or below in the aluminum titanium 



Another requirement for the aluminum titanium nitride 
layer, that is, the property of anti-diffusion is expected 
to be equivalent to that in the titanium nitride layer, since 
the structure of titanium nitride which is a mother compound 
is maintained, intrinsically. Thus, no problem is found 
specially from the layer. 

The metallic layer 40 covering the aluminum titanium 
nitride layer shown in Figs. 5 and 6 should preferably be at 
I east one of a hob I e meta I s; exce 1 1 ent [in; ant i -ox i d i z i ng 
properties, that is, platinum, iridium, and ruthenium. For 
the conventional structure in which the ant i -oxidizing 
layer is made of titanium nitride, the metallic layer had 
to be about 200nm in thickness. For the aluminum titanium 
nitride layer of the present invention, the resistance to 
oxidization is already improved. For example, 30nm will do 
as the thickness of the metallic, layer as long as the layer 




nitride expressed by a chemical formula omTi 
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can cover the surface of the aluminum titanium nitride layer 
completely. 

For the structure shown in Fig. 5, an oxide dielectric 
layer 16 is formed on the metallic layer 40- However, a 
conductive oxide layer 60 may be inserted between the oxide 
dielectric layer 16 and the metallic layer 40 as a component 
of the lower electrode layer. The conditions for forming 
a conductive oxide layer in an oxidizing atmosphere are 
usually the same as those of forming an oxide dielectric 
layer. Thus, it may be considered that the resistance to 
oxidization required for the aluminum titanium nitride 
layer is also the same. Since such a conductive oxide layer 
can improve the contact property at each interface with a 
metallic layer, if it includes the same elements of a noble 
metal as those of the metallic laver it should preferably 
be at least one of Q_r0 2 . RuO 2 . SrRuO 3 . and Re 0 aj 

Hereunder, preferred materials for the oxide 
dielectric layer 16 will be described. There is no reason 
to limit the materials for the layer 16 specially. The 
following materials usable for the layer 16 are well known. 
Typical examples of oxide dielectrics whose center element 
is titanium are lead zirconate titanate obtained by 

«Jl A . u . . , . 

replacing part or (wholejof ;titanium with zirconium, lead 
barium zirconate titanate obtained by replacing part or 
(wholejof the lead with barium, barium strontium titanate 
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including only alkal I ine-earth metal elements, etc. As 
typical examples of bismuth dielectrics withftlayered 

structure, there are bismuth layered dielectrics such as 

Bi 4 Ti 3 0 12 , SrBi z Ta 2 0 9 , etc. In addition to * those examples, 
other well-known oxide dielectrics, oxide ferroelectr ics, 
and new oxide dielectrics and oxide ferroelectr ics to be 
discovered in the future are all usable as the oxide 
dielectric layer described above. 

The upper electrode layer 17 may be any material if 
it is conductive. fFhey)^ are not limited only to metals and 
oxides. Each of the noble metals described above (in the 
example of the metallic layer 40 provided in the lower 
electrode layer) is usable. Each of the oxides described 
above (in the example of the conductive oxide layer 60 
provided in the lower electrode layer) is usable. The 
materials of the upper electrode layer 17 are not limited 
only to those specially. ^ 

Next, description will be made ^FoQa method (fof)^ 
manufacturing the semiconductor device of the present 
invention in order to achieve the second object described 
above. The method [foijjmanufactur ing the semiconductor 
device of the present invention includes a process for 
forming the lower electrode layer including an anti- 
diffusion and ant i -oxidation layer of aluminum titanium 
nitride which is formed in a nitriding atmosphere using the 
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sputtering method. Various types of sputtering targets are 
usable; for example, a metallic target consisting of a 
titanium aluminum a I loy, a composite- target obtained by 
putting an aluminum metal or aluminum nitride on a titanium 
target, a composite-target obtained by putting a titanium 
metal or a titanium nitride on an aluminum target, a dual 
target consisting of a titanium target and i"a^a luminum target 
(and so as to be) spattered simultaneously, a nitride target 
consisting of an aluminum titanium nitride, a composite- 
target obtained by putting an aluminum metal or an aluminum 
nitride on a titanium nitride target, a compos i te- target 
obtained by putting a titanium metal or a titanium nitride 
on a aluminum nitride target, a dual target consisting of 
an aluminum nitride target and a titanium nitride target ^ j^^y^ 
separately and so as to be sputtered simultaneously?^ JetJ. 
Any of DC and AC can be used for the sputtering discharge. 
If an aluminum nitride whose resistance is large is used as 
a target, however, an RF discharging is required. 

At least, a discharge gas and a nitrogen gas must be 
included in the atmosphere used for forming an ant i- 
diffusion and ant i -oxidation layer of aluminum titanium 

A*- 

nitride, ^inert gas can be used as a discnarg ^^J^ w jt^ *j 
However, usually an argon gas is used /consider ing thjh 
economy. A nitrogen gas is included in the discharge gas 
by 10 to 90 mole%, since it requires sufficient nitridation 
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and a high through-put^ (high deposition rate). If there is 
no restriction for bothj semi conductor device and 
environment, a few persent ammonia gas may be included 
thereby to accelerate nitridation and suppress oxidation. 

The temperature should preferably be above [the) room 
temperature to 600 °C (included) when (a) a i urn i num titanium 
nitride ant i -diffusion and an ant i -oxidation layer are to 
be formed with the sputtering method. Of course, jthej room 
temperature does not mean that samples are kept in the room 
temperature, but it means that the samples should not be 
cooled or heated specially. Natural rising of the 
temperature should be allowed during the sputtering. When 
a sample was formed at a temperature above 600 °C in a heating 
process, it was observed by an X-ray diffraction measurement 
that an aluminum nitride (AIN) was generated separately from 
the sample. 

Furthermore, in order to achieve the second object 
described above, the method Jo rjflanufactu ring the 
semiconductor device of the present invention includes a 
process for completing the lower electrode layer by stacking 
a metal layer, or a metal layer and a conductive oxide layer 
sequentially on an ant i -diffusion and ant i -oxidation layer 
of aluminum titanium nitride. On this lower electrode 
layer, an oxide dielectric layer is formed. Then, the upper 
electrode layer is stacked thereon so that an oxide 
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dielectric capacitor is formed in a structure so that the 
oxide dielectric layer i s jput}/ between the upper and lower 
electrode layers. The metallic layer may be formed with any 
g thj sputtering method, (the) vacuum evaporation .method, 
etc. As for the conductive oxide layer and the oxide 
dielectric layer, the sputtering method, the reactive 
evaporation method, the laser ablation method, the chemical 
vapor deposition method, the so I -gel method, etc. are 

usable. The method is not limited specially. The upper 
electrode layer may also be formed with any of those methods. 

Before the oxide dielectric capacitor, that is, the 
lower electrode layer is formed, part of a MOS transistor 
is formed on the substrate. The lower electrode layer is 
connected electrically to the source area or the drain area 
of this MOS transistor through the conductive material 
filled in the contact holes perforated in the insulator, 
which covers the semiconductor substrate on which the MOS 
transistor itself is formed. Polycrystal line si I icon 
formed using the chemical vapor deposition method is often 
used as the conductive material filled in these contact 
holes. The forming method and the filling material are not 
I imi ted special ly. 

3. Characteristics of the Semiconductor Device of the 
Present Invention 
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The semiconductor device to be realized by an 
embodiment of the present invention on the basis of the above 
two guidelines for selecting conductive materials will have 
the following characteristics. 

The semiconductor device of the present invention is 
provided with (the^ first area (a semiconductor substrate or 
a semiconductor film, etc.) consisting of a conductive 
semiconductor material, ^he^second area connected to the 

first area and consisting of the first conductive material, 

<\ 

A third area connected to the second area and consisting 

°\ 

of the second conductive material, (the>fourth area connected 

to the third area and consisting of an oxide^jcUelectr ic§, 

and (thejf^f ifth area connected to the fourth area and 

consisting of a conductive material. And, the average 

resistivity of the first area is almost equal to the 

resistivity of the semiconductor material composing the 

first area and the average resistivity of the second area 

is almost equal to the resistivity of the first conductive 

material composing the second area. Such [the) 

characteristics mean that the respective electric 

resistances of the first to third areas are determined 

uniquely by the resistivity of the semiconductor material 

or the conductive material used for forming each of those 

areas, as well as by the length of the current path in each 

of those areas (or the thickness of each of those areas, if 
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it is stacked vertically). 



In other words, the embodiment 



of the present invention can avoid the forming of a high 



resistant material almost completely in the first; or second 

area, which has been a problem of the convent ionafl 

technology. And accordingly, it is possible to suppress an 

increase of the electrical resistance in those areas, as 

well as enabling the average resistivity in the current path 

is- 

from the first area to the third area to be set/ 0. 01 Qcm or 
be I ow. 

Consequently, according to the present invention, 



when both 4oxide dielectric layer and ^conductive oxide layer 
are formed, memory cells can be formed without oxidizing the 
polycrystal I ine silicon layer adjacent to bothjoxide 



ant i -diffusion non-oxide conductive layer consisting of a 

nitride, etc. Consequently, it becomes possible to reduce 

W J** • , u 

both J{ inter facia I resistance andjcontact resistance of each 

electrode, obtaining a semiconductor device provided with 

fine-structured memory eel Is, suitable for high 

integration. In addition, the semiconductor device of the 

present invention can omit a process for forming a metallic 

layer of 200nm or over in thickness consisting of jD^atinum 

and the like as an anti-oxidizing layer, (as well asj/it can 

reduce the total thickness and the aspect ratio of the 

capacitor by thinning the lower electrode layer. It ia thus 





dielectric layer 




oxide layer, as well as the 
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possible for the present invention to obtain a semiconductor 
device provided with f ined-structured memory cells to be 
formed through a fine-patterned process of 4 submicron 

region, for example, using Ja) gigabit class lithographic 
technology. 

Brief Description of the jnvention) 

Fig. I^i I Iustrates an oxide dielectric capacitor 
provided with a double- 1 aye red conductive oxide layer 
included in its lower electrode layer. 

Fig. 2 |j I iustrates an oxide dielectric capacitor 
provided with a double- 1 aye red conductive oxide layer 
formed on a polycrystal I ine silicon layer. 

l^i I Iustrates an 
provided with a double- 1 aye red conductive oxide layer 
formed on an ant i -di f fusion non-oxide conductive layer. 

Fig. 4^i I Iustrates an oxide dielectric capacitor 
provided with a double- 1 aye red conductive oxide layer 
formed on an ant i -di f fusion non-oxide conductive layer 
through a metallic layer. 

Fig. 5/\i I Iustrates an oxide dielectric capacitor 
provided with an oxide dielectric layer on a metal lie layer 
stacked on an aluminum titanium nitride layer. 
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Fig. 6jj I lustrates an oxide dielectric capacitor 
provided with an oxide dielectric layer on a conductive 
oxide layer stacked on an aluminum t i tanium .ni tr ide layer. 

[Fig. 7/ i I lustratesj j[ the electrical characteristics of 
the oxide dielectric capacitor formed so as to form a 
double- 1 aye red conductive oxide on a polycrystal I ine 
silicon layer, /(a) illustrates the electrode resistance and^ 
(b) i I lustrates a polarization hysteresis curve 

(Tig. 8 illustrates^ the electrical characteristics of 

the oxide dielectric capacitor formed so as to form a 

p^V 

doub I e- layered conductive oxide on a nitride layer. J (a) 
illustrates the resistance of an electrode including a TiN 
layer andub) illustrates the Resistance of an electrode 
including a TaN layer andj(Cc) illustrates a polarization 
hysteresis curve of a capacitor including a TiN layer. 

Fig. 9yy i I lustrates a polarization hysteresis curve of 
an oxide dielectric capacitor formed so as to form a 
double- 1 aye red conductive oxide layer on a TiN layer through 

a metal hclayer^^j ^ 0 (b) ^ yv^U J^A JL^^- 

(Fig. 10 i I lustrates] a compositional range^ of an 
aluminum titanium nitride, /(a) (\s aftox allowance in 
(Ti t_ x A1 x )o. 5 N 0 5 - />(b) indicates the y allowance in (Ti 0 . 6 A 0 . 4 ) 

Fig. 11 / i I lustrates a polarization hysteresis curve of 
an oxide dielectric capacitor provided with an aluminum - 
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titanium nitride layer. / (a) indicates a case /fhatjan oxide 
dielectric layer stacked on a metallic layer and/(b) 
indicates a case jthat)^ an oxide dielectric layer is stacked 
on a conductive oxide layer. 

Fig. 12 ji I lustrates a manufacturing process of the 
semiconductor device of the present i nvent i on |Tn an) 
[embodiment. ... 

Fig. 13^ i I lustrates a manufacturing process of the 
semiconductor device of the present invention (Tn an) 
(embod i men?. ... 

Fig. 14 a illustrates a manufacturing process of the 
semiconductor device of the present invention (Tin an^? 
iembodimenl. . - » 

Fig. 15/J I lustrates/\manufactur ing process of the 
semiconductor device of the present invention up to a 
planarizing process (Tn an embodiment). 

Fig. 16/ illustrates a manufacturing process of the 
semiconductor device in which a double- 1 aye red conductive 
oxide layer is formed on a polycrystal I ine silicon layer. 

Fig. 17/i I lustrates a manufacturing process of the 
semiconductor device in which a double- 1 aye red conductive 
oxide layer is formed on an ant i -di f fusion non-oxide 
conductive layer. . , i 

Fig. 18/j I lustrates a manufacturing process of the 
semiconductor device in which a double- layered conductive 
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oxide layer is formed on an ant i -di f fusion non-oxide 
conductive layer through a metallic layer. 

Fig. 19^ i I lust rates a manufacturing process of the 
semiconductor device which is provided with [a)aluminum 
titanium nitride layer formed so as to form an oxide 
dielectric layer on a metallic layer. , 

Fig. 20/\ i Must rates a (manuf acturingj process of the 
semiconductor device which is provided with an aluminum 
titanium nitride layer formed so as to form an oxide , Jl^^^ vJ~^A 
dielectric layer on a conductive oxide layer. Fig.20^also 
indicates a cross sectional structure of a scribing area of 
a silicon wafer Qn the eightfi^embodiment of the present 



Best mode for Carrying out the Invention 

Hereunder, the preferred embodiments of the present 
invention will be described. How to form a capacitor using 
oxide dielectrics and how to apply the capacitor to an actual 
semiconductor device will be described separately. The 
former way is further described by the conductive material 
selection guideline described above. 
1. How to Form an Oxide Dielectric Capacitor 
1-1 Guideline 1 for selecting conductive materials 

At first, k description will be (made) Jf or the first to 
third preferred embodiments of the present invention with 
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reference to the accompanying drawings if a double- 1 aye red 
conductive oxide layer is selected for two conductive oxide 
layers provided between a semiconductor layer and a 
dielectric layer in an electrode of an oxide diehectric 
capacitor suitable for a semiconductor device. 
<Fi rst Embodiment) 

In the first embodiment of the present invention, the 
resistance of the lower electrode layer and the polarization 
hysteresis curve of an oxide ferroelectric capacitor were 
measured with respect to the lower electrode layer 11 formed 
so as to form a conductive oxide layer 14 with oxygen 
deficiency in a double- 1 aye red conductive oxide layer 12 
shown in Fig. 2 directly on a polycrystal I ine silicon layer 
20. 

At first, an amorphous silicon layer doped with 
phosphorus of 150nm in thickness was formed on a 15mm square 
conductive silicon substrate 10 by [the) chemical vapor 
deposition. The substrate was then annealed thereby 
obtaining a conductive polycrystal I ine silicon layer 20. 
Then, two types of samples were formed on this substrate. 
One sample was formed as follows; at first, conductive oxide 
layers 14 and 15 were formed through a 2mm square metal mask, 
then they were further shrunken down to a 100 fim square by 
electron beam lithography. This sample was used for 
measuring the resistance of the object electrode. The^other 
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sample was formed as follows; at first, conductive oxide 

layers 14 and 15 were formed on the entire surface of the 

substrate, then an oxide dielectric layer 16 and the upper 

electrode layer 17 were stacked like a pyramid through a 4mm 

square metal mask and another metal mask of 2mm in diameter, 

respectively. Then, the upper electrode layer 17 was 

shrunken down to a 10 jim square by ion milling using a photo 

mask. This sample was used for measuring the 

characteristics of the object capacitor. 

To form the conductive oxide layers 14 and 15, Ir0 2 , 
Ru0 2 . SrRuO 3 , SrTiO 3 to which La was added by 4 weight^, and 
Re0 3 were used (in this embodiment, chemical formulas are 
used to clarify each compound. The description of the oxygen 
deficiency is omitted for convenience [s) sake). Next, how 
to form each oxide layer will be described. However, the 

methods described here for manufacturing each compound are 

r 

just examples. They may be exchanged (byjjsach other. 

The electron beam deposition method was used only for 
forming I r0 9 At first, the [rQ 2 ox\6e powder was molded into 



using a pressure die. After this, it was annealed at 1100 °C 
for 2 hours in an oxygen gas flow. This was used as an 




of 12mm in diameter and 10mm in thickness 



e I ectron beam source. Then, a [l_r0 Alayer with oxygen 

deficiency was formed under the following conditions: 



temperature of the substrate heater; 600 



°C, deposition 
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rate; 2nm/min, and pressure; 0.1 jtzTorr. After this, oxygen 
gas was introduced up to a pressure of 70 //Torr. At the 
same time, the substrate heater was set to 580 °C thereby 

stacking a 50nm (TrO flayer to obtain a double- 1 aye red 
conductive oxide layer 12. 

The conductive oxide layers other than Ir0 2 were formed 
by the RF-magnetron sputtering method using a sintered oxide 
target consisting of the above cation composition. An oxide 
dielectric layer of 5 to 50nm in thickness with oxygen 
deficiency was formed on the following f i Im deposition 
conditions: temperature of the substrate heater; 600 °C, 
incident power; 1. 5W/£m j, deposition rate; 3nm/min, and 
discharge Ar gas pressure of 3N in purity; 3 mTorr, After 
this, oxygen was introduced at Ar/0 2 =9/1 and the substrate 
heater was set to 580 °C, thereby forming a conductive oxide 
layer so as to form a double- layered conductive oxide layer 
12. 

The oxide dielectric layer 16 was formed using the 
RF-magnetron sputtering method using bismuth titanate 
(Bi 4 Ti 3 0i 2 ). which is one ofA bismuth layered ferroelectr ics. 
The target was a sintered material represented by the above 
cation composition. The film deposition conditions are as 
follows: temperature of the substrate heater; 600 °C, 
discharge gas/oxygen gas pressure ratio; ^ Ar/0 2=9/1. total 
pressure; 5 mTorr, incident power; 1.5W/{cm 3- deposition 
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rate; 5nm/min, and thickness; 200nm. The type and 
preparation method of the oxide dielectric layer just 
affected the substantial physical properties of the 
capacitor. There was recognized no influence on i the 
double- 1 aye red conductive oxide tg| r - 0n the u PP er 
electrode layer ]\ was gepose^a gold film of 100nm in 
thickness using the electron beam deposition method. 

Fig. 7(a) shows the total resistance (vertical axis) 
of the entire lower electrode layer as a function of the 
thickness (horizontal axis) of the conductive oxide layer 
with oxygen deficiency, formed in a non-oxidizing 
atmosphere. The resistance was measured between the 
conductive oxide layer formed in an oxidizing . atmosphere and 
the conductive silicon substrate. In any / conduct i ve oxide 
electrodes, if the oxygen deficient layer was 5nm in 
thickness, the electrode resistance was very large. Thus, 
it was clear that polycrystal silicon was oxidized, thereby 
increasing the resistance. If the oxygen deficient layer 
was 5 to lOnm in thickness, the resistance dropped sharply 
and the layer was 10nm or over in thickness, then the 
resistance was almost constant. From this result, it was 
clear that the covering ratio of the surface of the 
polycrystal silicon increased and that the oxidization of 
the polycrystal silicon was suppressed. It was because of 
a resistivity difference affected on the conductive _oxide 
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layer itself that the electrode resistance depended on the 
type of the oxide electrode. 

The (res i t i v i tyjy; of a conductive oxide material itself, 
when measured for another single layer filnr, was only a few 
tens of ^ Qcm or so for I rO 2 . RuO 2 , and RuO 3 and as low as 

two or three times of that even in the oxygen deficient film. 

Sr Ro0 2 

As forfSrRuO |, if oxygen deficiency was introduced, the 
resitivity increased just within 200 fJ- Qcm to a few mQcm. 
For SrTiO 3 to which La was added by 4 weightX, the resitivity 
increased within a few hundreds of fx Qcm to a few m Qcm. 

These results matched with the tendency shown in Fig. 7(a) 
and indicated that the (resi t i vi tyjdid not increase 
remarkably even when the double- layered conductive oxide 
electrode grew adjacent to the polycrystal I ine silicon. 

Fig. 7(b) (show s); a polarization hysteresis curve of an 
oxide ferroelectric capacitor that uses oxide electrodes 
when the oxygen deficient layer is 30nm in thickness. There 
is no difference in the hysteresis curve between the types 
of oxide electrodes. As shown clearly in Fig. 7(b), if a 
conductive oxide layer adjacent to polycrystal I ine silicon 
is formed in a non-oxidizing atmosphere, both oxidation and 
oxygen diffusion are suppressed. It is thus possible to 
prove that a voltage supplied from the substrate can be 
applied effectively to the oxide dielectric layer. 
< Second Embodiment - 
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In the second embodiment of the present invention, the 
resistance of the lower electrode layer and the polarization 
hysteresis curve of the oxide ferroelectric capacitor were 
measured with respect to the structure of the lower 
electrode layer 11. In the lower electrode layer 11 provided 
in the double- layered conductive oxide layer 12 shown in 
Fig. 3, the conductive oxide layer 14 with oxygen deficiency] 
is formed on a conductive nitride layer which functions as 
an ant i -diffusion non-oxide conductive layer 30. 

At first, an amorphous silicon film with a thickness 
of 150nm was formed on the 15mm square conductive silicon 
substrate 10 using the chemical vapor deposition while 
doping j phosphorus. Then, the amorphous silicon film was 
annealed thereby to form a conductive polycrystal I ine 
silicon layer 20. After this, a conductive nitride layer, 
which would function as an ant i -diffusion non-oxide 
conductive layer 30, was formed all over the substrate. On 
this ground layer was formed two types of samples. One 
sample was formed as follows; conductive oxide layers 14 and 
15 were formed through a 2mm square metallic mask, then the 
layers 14 and 15 were shrunken down to a 100 #m square 

[respectively) by electron beam lithography. The sample was 
used for measuring electrode resistance. The other sample 
was formed as follows; conductive oxide layers 14 and 15 were 
formed all over the surface of the substrate, then an oxide 
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dielectric layer 16 and an upper electrode layer 17 were 
stacked like a pyramid through a 4mm square metallic mask 
and a 2mm diameter metallic mask, respectively, and further 
the upper electrode layer 17 was shrunken " down to a 10 
square by electron beam lithography. The sample was used 
for measuring capacitor characteristics. 

In this embodiment, TiN and TaN were used as ^ 
conductive nitride layer (ant i -diffusion non-oxide 
conductive layer 30), which will be described below in 
detail. The film deposition method and the obtained results 
were also the same with respect to Zr, Nb, V, and W nitrides. 
A conductive nitride layer was formed using^fhe) DC 
sputtering method ghat usedja metal target. The film 
deposition conditions were as follows: temperature of the 
substrate heater; 300 °C, discharge gas/nitrogen gas 
pressure ratio; Ar/N 2 = 50/50, total pressure; 4 mTorr, 
incident power; 400W, and film thickness: 40nm. The RF- 
magnetron sputtering method can also be used for forming the 
conductive nitride layer. The method may use a nitride 
target instead of the metallic target. After the film 
deposition, an annealing treatment was applied to the sample 
so as to accelerate crystallization using the rapid thermal 
annealing method at 800 °C for two minutes in an ammonia gas 
atmosphere. 
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For the j (conduct i vej oxide layers 14 and 15, compounds 
of !r0 2 , Ru0 2 , SrRuO 3 , CaRuO 3 and ReO 3 were used respectively. 
(Chemical formula were just used to clarify each compound 
here. The description of the amount of oxygen deficiency 
was omitted for the convenience Js) sake. ) Each oxide layer 
was formed as follows. Each deposition method described 
here was just an example. The deposition method could also 
be replaced with another. 

The compound HrO z we reformed in a weak oxidizing 
atmosphere using the RF -magnetron sputtering method. The 
target was a sintered oxide one. The film deposition 
conditions were as follows: temperature of the substrate 
heater; 600 °C, incident power; 1.5W/cm 2 , discharge gas; Ar 
gas of 3N in purity and 3 mTorr in pressure, and weak 

oxidizing gas; N 2 0 gas of Ar/N 2 0=100/1 in flow ratio. Under 
those conditions, a conductive oxide layer with oxygen 
deficiency was formed with a film thickness of 5 to 50nm. 
Then, the gas flow ratio was lowered to Ar/N 2 0=9/1, as well 
as the total pressure was set to 5 mTorr and the temperature 
of the substrate heater was set to 580 °C to form a 50nm 

conductive oxide layer, thereby forming a double- 1 aye red 
conductive oxide layer 12. 

SrRuO 3 and CaRuO 3 were formed in an Ar gas atmosphere 
using (the\RF-magnetr on sputtering method that/jused/a 
sintered oxide target. The film deposition conditions were 
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as follows: temperature of the substrate heater; 600 °C, 
incident power; 1.5W/jcm j[ and discharge gas; Ar gas of 3N 
in purity and 3 mTorr in pressure. Under those conditions, 
a conductive oxide layer with oxygen deficiency was formed 
with a film thickness of 5 to 50nm. Then, oxygen was h 
introduced at a gas flow ratio of Ar/0 2 =9/1, (as well asjthe 
total pressure was set to 5 mTorr and the temperature of the 
substrate heater was set to 580 °C to form a 50nm conductive 
oxide layer, thereby forming a double- 1 aye red conductive 
oxide layer 12- n . 

Ru0 2 and {ReO J^were formed in a weak oxidizing 
atmosphere using the reactive evaporation method. A metal 
block was used as the evaporation source. The film 
deposition conditions were as follows: temperature of the 
substrate heater; 600 °C, deposition rate; 1 nm/min, and 
oxygen pressure; 5 ^Torr. Under those conditions, an 
oxygen deficient layer was formed with a thickness of 5 to 
50nm, then oxygen^. was introduced at a pressure up to 70 fi 
Torr, (as well as^the temperature of the substrate heater was 
lowered to 580 °C thereby to stack the 50nm thick RuO 2 and 
ReO 3 layers, so that a double- 1 aye red conductive oxide layer 
12 was formed. jU<yv 

For the oxide di elect ricyifTaye Fj16, | eac | zirconate 
titanate [ Pb(Zr 05 Ti 0 .5 )0 3 ] was used. The RF-magnetron 
sputtering method was used to form the layer 16- The target 
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was a sintered one represented by the above cat ionic 
composition. The film deposition conditions were as 
follows: temperature of the substrate heater; 600 °C, 
discharge gas/oxygen gas pressure ratio; Af/0 2 = 9/1. total 
pressure; 5 mTorr, incident power; 1.5W/(5m J, deposition 
rate; 5 nm/min, and film thickness; 200nm. The type and film 
deposition method of the oxide dielectric layer affected 
only the substantial physical characteristics of the 
capacitor and did not affect the double- 1 aye red conductive 
oxide film. The upper electrode layer 17 was formed with 
the same conductive oxide as that of the lower electrode 
layer in an oxidizing atmosphere using the RF-magnetron 
sputtering method. The fJIm thickness was 80nm. ,\ 

TiN uXa) in Fig. 8)J and TaN [((b) in Fig. 8)Jj were used 
respectively for forming the ant i -diffusion non-oxide 
conductive layer 30. The resistance (vertical axis) of the 
entire lower electrode layer was shown as a function of the 
thickness (horizontal axis) of the oxygen deficient layer. 
The resistance was measured between the conductive oxide 
layer formed in an oxidizing atmosphere and the conductive 
silicon substrate. The resistance depended on the thickness 
of the oxygen deficient layer in the same way as the above 
regardless of the type, deposition method, and deposition 
conditions of the nitride layer and the conductive oxide 
electrode. The electrode resistance was significantly high 
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when the oxygen deficient layer was 5nm in thickness. This 
was because the interface was oxidized, thereby the 
resistance was increased when the coating ratio of the 
nitride layer surface was small and a conductive oxide layer 
was formed in the subsequent oxidizing atmosphere. The 
resistance was reduced sharply as the thickness was between 
5nm and 10nm and almost constant at 10nm or over. This was 
because the^ coating rate of the nitride layer surface was 
increased, ^ thereby the oxidization of the phase boundary was 
suppressed. The reason why the resistance was high when 
using CaRuO 3 for an oxide electrode was an increase of the 
contact resistance at the electrode interface. This was 
confirmed using the X ray diffraction method. As for an 
electrode including |7r0 2 - RuO 2. and ^ eu flayers formed i n a 
weak-oxidizing atmosphere, the resistance was slightly 
larger than that of an electrode including SrRuO 3 formed in 
the Ar gas. In any compounds, it was clear that the 
resistance was kept low enough to be used for the object 
electrode layer. The resistivity of a conductive oxide 
material itself was as described in the first embodiment of 
the present invention when measured for the respective , r t~-d 
single layer film of (TK) 2 > RuO 2 , ReO 3 , SrRuO 3 , and SrTiO J 
ob^ta^ined by adding La by 4 weightK. The resistivity of the 
^(CaRuO ^ when the film was formed in a non-oxidizing 
atmosphere, increased up to a little less than several 
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hundreds of fi Qcm to 10 m Qcm. These results coincide with 

the tendency shown in Fig. 8(a), indicating that the 

resistance did not increase so much even when the 

double- layered conductive oxide electrodes .grew (Tn) adjacent 

to the anti -di f fusion non-oxide conductive layer 30. 

Fig. 8(c) shows a polarization hysteresis curve of an 
oxide ferroelectric capacitor when the oxygen deficient 
layer is 10nm in thickness in a case^Jhatj TiN is used as a 
nitride layer. For an electrode that includes a CaruO 3 
layer, the hysteresis curve is opened to the horizontal axis 
more than those of other electrodes. This seems to be 
because of the decomposed CaO cames the distribution in the 
electric field which is applied to dielectrics. However, 
there is no problem, since characteristics are good enough 
for the capacitor. As shown in Fig. 8(c) clearly, it is 
proved that if a conductive oxide layer is formed adjacent 
to a nitride layer in a non-oxidizing atmosphere, both 
oxidation and oxygen diffusion are suppressed, thereby a 
voltage can be applied to the oxide dielectric layer 
effectively from the substrate. The same hysteresis curve 
as that shown in Fig. 8(c) was also obtained for the TaN 
layer. 

<Thi rd Embodiment) 

In the third embodiment of the present invention, the 
polarization hysteresis curve for an oxide ferroelectric 
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capacitor was measured with respect to the structure of the 

lower electrode layer 11, in which the conductive oxide 

layer 14 with oxygen deficiency is formed on an anti- 

diffusion non-oxide conductive layer 30 via metallic layer 

40. The layer 14 is provided in the double- layered 

conductive oxide layer 12 shown in Fig. 4. 

The shapes and film deposition methods of the 
substrate 10, the polycrystal I ine silicon layer 20, a TiN 
layer or the ant i -di f fusion non-oxide conductive layer 30, 
as well as the oxide dielectric layer 16 and the upper 
electrode layer 17 are the same as those in the first and 
second embodiments described above. It is not essential to 
select the materials of the oxide dielectric layer and the 
upper electrode layer, however^ in the embodiments of the 
present invention. 

The TiN layer was formed with a thickness of 40nm in 
accordance with the method of the second embodiment. The 
TiN layer was used as an ant i -di f fusion non-oxide conductive 
layer 30. The same results were also obtained for other 
nitrides listed in the above second embodiment. 

In this embodiment, platinum was used for the metallic 
layer 40. The same effect was also found when iridium and 
ruthenium, which are the same nobles metals as platinum, 
were used. The DC sputtering method was used for forming 
the metallic layer on the following conditions: Incident 
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power; 400W, discharge gas; Ar, gas pressure; 20 mTorr, and 
temperature of the substrate heater: 500 °C. The metallic 
layer 40 was thus formed with a thickness of 20nm on the whole 
area of ant i -diffusion non-oxide conductive layer 30. 

Ir0 2 , [RuO 2 , SrRuO 3 , and SrTiO to which La was added 
by 4 weight^ were used for forming the conductive oxide layer 
using (the^RF-magnetron sputtering method in a weak oxidizing 
atmosphere. The targets wereja sintered oxide (one) 
(respectively. The film deposition conditions were as 
follows: temperature of the substrate heater; 600 °C, 

r Cr ^ 1 

incident power; 1.5W/£m J, discharge gas; Ar gas of 3N in 
purity and 3 mTorr in pressure, and weak oxidizing gas; N 2 0 
gas of Ar/N 2 0=1 00/1 in flow ratio. Under these conditions, 
the conductive oxide layer 14 with oxygen deficient layer 
of lOnm in thickness was formed. Then, the gas flow ratio 
was lowered to Ar/N 2 0=9/1, as well as the total pressure was 
set to 5 mTorr and the substrate heater was set to 580 °C to 
form a 50nm thick conductive oxide layer 15, thereby forming 
a double- 1 aye red conductive oxide layer 12. 

Fig. 9 shows a polarization hysteresis curve of an 

oxide ferroelectric capacitor with respect to each 
conductor oxide. Regardless of the oxygen deficient layer 
type, the hysteresis curve was an ^penedjjone with high 
symmetry. Even when the metallic layer was as thin as 20nm 
and a conductor oxide layer adjacent to this metallic layer 
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was formed in a weak oxidizing atmosphere, the oxygen 
deficient layer included in the conductive oxide layer was 
found to be effective for suppressing oxidation and oxygen 
diffusion, thereby a voltage could be applied effectively 
to the oxide dielectric layer from the substrate. , 



present invention, a conductive oxide layer with oxygen 

deficiency was formed in a non-oxidizing atmosphere, which 

is one of the characteristics of the present invention, 

thereby forming a double- layered conductive oxide layer. 

Consequently, the lower electrode layer and the oxide 

dielectric layer could be formed without oxidizing the 

polycrysta 1 1 ine silicon (the first embodiment of the 

present invention) adjacent to the double- 1 aye red 

conductive oxide layer, the ant i -di f fusion non-oxide 

conductive layer consisting of jan) n i t r i des, etc adjacent 

to the double- 1 aye red conductive oxide layer, as well as the 

ant i -diffusion non-oxide conductive layer (the second 

embodiment of the present invention) adjacent to the 

double- 1 aye red conductive oxide layer through a metallic 

layer. Consequently, it was possible to reduce the 

interfacial resistance and contact resistance of each 

electrode, thereby forming an oxide dielectric capacitor 

suitable for high integration. 

1-2 Guideline 2 for Selecting Conductive Materials - 




As described above in each of the [embodim entsfjy of the 
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a ijb 

Hereunder, ^ description will be made [for)) how to select 
an aluminum titanium nitride layer at the side of the 
semiconductor and an anti-oxidization metallic layer at the 
side of the dielectrics of the two conductive material 
layers provided between a semiconductor layer and a 
dielectric layer in the electrode of an oxide dielectric 
capacitor suitable for a semiconductor device. The 
accompanying drawings will be referenced for describing the 
fourth and fifth embodiments of the present invention. 
<Fourth Embodiment 

In the fourth embodiment of the present invention, the 
allowable contents of both aluminum and nitrogen were 
checked in an aluminum titanium layer with respect to the 
phase uniformity, low resistivity, and resistance to 
oxidation. The phase uniformity and the resistance to 
oxidation were checked by the X ray diffraction method and 
the resistivity was measured using the DC four-point (provej 
method. 

At first, an aluminum titanium nitride [(Ti i- x A1 x^-y N y ] 
film was formed on a conductive silicon substrate using the 
DC sputtering method. A natural oxidized film was already 
removed from the substrate before this deposition. The 
target was a composite one obtained by spreading aluminum 
and titanium metallic plates in a mosaic fashion all over 
an aluminum metal plate. The aluminum content x was adj-usted 
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according to the area ratio of both metallic plates. The 
nitrogen content y was adjusted by changing the argon 
discharge gas/nitrogen gas flow ratio within the range of 
95/5 to 5/95. The substrate heater was set 1 to 550 °C. Other 
film deposition conditions were as follows: Incident power; 
400W, total gas pressure; 5 to 20 mTorr, growth rate; 5 to 
10 nm/min, and film thickness; 50nm. The aluminum content 
x was analyzed and determined using the ICPS method 
(Inductively-Coupled Plasma Spectroscopy) and the nitrogen 
content y was analyzed and determined using the RBS 
(Rutherford Back Scattering) method that uses He+ ions. 

Fig. 10(a) shows both reaction products and jit 
resistivity of a sample whose nitrogen content y is 0.5 as 
a function of the aluminum content x. As a result of X ray 
diffraction, only a diffraction line assignable to Ti N was 
observed when x was 0.6 or below. If x exceeded 0-6, however, 
a mixed phase with a phase assignable to A1N was observed. 
As the x value increased, the TiN phase disappeared and the 
A1N phase increased. The resistivity increased a little as 
the x value increased. The resistivity increased sharply 
around 0.5- Fig. 10(b) shows both reaction products and 
resistivity of a sample whose aluminum content X is 0.4 as 
a function of the nitrogen content y. As a result of X ray 
diffraction, diffraction lines other than TiN were observed 
if the y value was smaller than 0.2 or exceeded 0. 6.- The 
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resistivity was checked only for the nitrogen content whose 

y value was 0.2 to 0.6 (included). For this nitrogen 

content, a single phase was observed in the X ray diffraction 

pattern. The resistivity increased as the y value 

increased. And, the resistivity increased sharply around 

0.6 of the y value. Usually, an effect of the impurity phase 

is observed in the resistivity more than in X ray 

diffraction. Thus, the threshold values of both x and y to 

be determined by a resistivity seems to be narrowed. 

Next, a platinum layer with a thickness of 30nm was 
formed by the DC sputtering method on the aluminum titanium 
layer formed above. The film deposition conditions were as 
follows: Incident power; 400W, discharge gas; Argon gas, gas 
pressure; 20 mTorr, and deposition temperature; 500 °C. On 
the platinum layer was stacked an oxide dielectric layer 
[Pb(Zr o. 5 T i o. s )0 3 ] with a thickness of 100nm, using RF- 
magnetron sputtering. The film deposition conditions were 
as follows: temperature of the substrate heater; 300 °C, 
incident power; 1.5W/&n J, deposition rate; 3 nm/min, 



discharge Ar gas/oxygen gas fow ratio; 90/10, and pressure; 

5 mTorr. After the 100nm thick oxide dielectric layer was 

formed, rapid thermal annealing was applied to the layer at 

650 °C for 2 minutes in an oxygen flow, thereby to accelerate 
the crystallization of the layer. 
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Finally, the oxide dielectric layer, after it was 
formed once, was removed completely in a dry etching 
process, thereby exposing the platinum layer again. An X 
ray diffraction measurement was made for this sample to 
check if the aluminum titanium nitride [(Ti i- x Al x )i- y N y ] layer 
was oxidized and changed in quality by the formed oxide 
dielectric layer. Fig. 10 * also shows this result. As shown 
in Fig. 10(a), it was confirmed that the oxide layer was 
oxidized, thereby Ti0 2 was formed when the aluminum content 
x was smaller than 0.2. And, as shown in Fig. 10(b), T i 0 2 
was also observed when the nitrogen content y was smaller 
than 0. 4. 

The above threshold values remained the same even when 
both aluminum and nitrogen contents x and y were fixed at 
another value respectively. 

The above threshold values also remained the same 
substantially even when platinum was replaced with any of 
iridium, ruthenium, and rhenium for forming the metallic 
layer. And, the aluminum titanium nitride layer for 
preventing oxygen diffusion and oxidation was also 
effect ive (toother oxide dielectrics, for example, lead 
zirconate titanate having a different titanium/zirconium 
ratio, lead barium zirconate titanate, barium strontium 
titanate, and bismuth ferroelectr ics. 
<Fifth Embodiment 
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ln the fifth embodiment of the present invention, the 
polarization hysteresis curve of an oxide dielectric 
capacitor including an aluminum titanium nitride layer for 
preventing oxygen diffusion and oxidation was medsuredL 




For the sample (a), an oxide dielectric layer was 
stacked directly on the platinum layer of 30nm in 
thickness/aluminum titanium nitride layer of 50nm in 
thickness/conductive silicon substrate described in the 
fourth embodiment of the present invention. For the sample 
(b), an oxide dielectric layer was stacked on the above layer 
through a conductive oxide layer. 

A RuO 2 layer of 50nm in thickness was formed as the 
conductive oxide layer using the RF-magnetron sputtering 
method. The target was an Ru metal one. The film deposition 
conditions were as follows: temperature of the substrate 
heater; 500 °C, incident power; 1. 5W/cm 2 , deposition rate; 
3 nm/min, discharge Ar gas/oxygen gas flow ratio; 50/50, and 
pressure; 7 mTorr. 

Lead zirconate titanate [ Pb(Zr o.5Ti 0 5 )0 3 ] layer of 
lOOnm in thickness was formed as the oxide dielectric layer 
using the so I -gel method. Sol was a solution obtained by 
making lead acetate, titanium isopropoxide and zirconium 



solution was coated on the platinum layer [sample (a)] or 
on the conductive oxide layer [sample (b)], then rapid 





isopropoxide react (tOj^each other in methoxy ethanol. This 
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thermal annealing was applied to each sample at 650 °C for 
two minutes in an oxidizing atmosphere, thereby 
crystallizing the sample. 

A 2mm diameter platinum layer was formed as the upper 
electrode layer through a metallic mask using the DC 
sputtering method. 

Fig. 11 shows a polarization hysteresis curve (appearej) 
measured when a voltage was applied jtdj between the upper 
electrode layer and the conductive silicon substrate. For 
both samples (a) and (b), good hysteresis curves were 

obtained. Even when the platinum layer put therebetween was 
as thin as 30nm, the aluminum titanium nitride layer 
functioned effectively to prevent oxygen diffusion and 
oxidation. It was thus confirmed that the object capacitor 
operation was satisfactory with a voltage supplied from the 
substrate. 

To select [the^mater ials of a conductive oxide layer 
and an oxide dielectric layer is not essential in the 
embodiments of the present invention. For example, any of 
the conductive oxides of I rO 2 , SrRuO 3 , and ReO 3 can be used 
to obtain the same effect. In addition, any of lead 
zirconate titanate [ Pb(Zr x Th- x )0 3 ] with X other 0-5, 
strontium barium titanate [(Ba x Sr ,- x )TiO 3 (x=0 to 1)], lead 
barium zironate titanate, and bismuth layered 
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ferroelectr ics can be used to form the object capacitor in 
the same way. 

As described in each of the embodiments of the present 
invention, if an aluminum titanium nitride layer 'for 
preventing oxygen diffusion and oxidation, which is one of 
the characteristics of the present invention, was formed, 
then the lower electrode layer and the oxide dielectric 
layer could be formed without oxidizing the nitride layer 
even when adjacent metallic layers including the platinum 
one were thinned down to 30nm. Consequently, the 
interfacial resistance and the contact resistance of each 
electrode, as well as the capacitor aspect ratio could be 
reduced, thereby forming an oxide dielectric capacitor 
suitable for high integration. 

2. How to Form a Semiconductor Device Provided with a 
Dielectric Capacitor 

Next, description will be made for how an oxide 
dielectric capacitor of the present invention is used in a 
semiconductor device. AMOS transistor formed on a silicon 
substrate will be picked up as an example for the description 
with reference to the accompanying drawings with respect to 
the sixth to tenth embodiments of the present invention to 
be described below. The sixth to eight and ninth to tenth 
embodiments are based on the guideline 1 and 2 for selecting 
conductive materials respectively as described above. 
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<Sixth Embodiment) 

In this sixth embodiment of the present invention, 
description will be made at first for the pre-process up to 
the forming of an oxide dielectric capacitbr with respect 
to the manufacturing method of a semiconductor device. 

At first, description will be made for how to form a 
MOS transistor on a silicon substrate, then how to planarize 
the surface of the substrate once and final ly for how to form 
a polycrystal I ine silicon plug used to connect the capacitor 
electrode electrically to the MOS transistor. The series 
of manufacturing processes will be described sequentially 
with reference to Figs. 12 to 15. 

As shown in Fig. 12, a (switch inglitransistor is formed 
in an existing MOSFET integ^rat|gg process. ^ 121 £^)/a p-type 
semiconductor substrate, 1 22 (Ts^ian isolating insulator . 
between devices, 123^(Ts} a gate oxide f i lm^|24 (]^(a word line 
used as agate electrode, and 125 and 126^(5^ n-type impurity 
diffusion layers in which phosphorus is doped respect ive I y. [td^^ 

127 [Ts} ^passivation layer consisting of(SiO J. Next, the 
surface is covered completely with a 50nm thick Si0 2 layer 

128 by the chemical vapor deposition. After this, the 

surface is covered once with a 600nm thick Si 3 N 4 layer 129, 
then this Si 3 N 4 layer 129 is etched as deep as the deposited 
film thickness, thereby filling the insulator between word 
lines. The structure is thus formed as shown in Fig. 12— The 
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S i 0 2 layer 128 is an under layer for producing the bit lines 
in a subsequent process and^ used to prevent ^exposedj^ surface 



between elements. 

Fig. 13 shows the next process. The Si 3 N 4 portion where 
a bit line to be formed later will come in contact with the 
n-type impurity diffusion layer 125 on the surface of the 
substrate, as well as the Si 3 N 4 portion where a capacitor 
electrode to be formed later will come in contact with the 
n-type impurity diffusion layer 126 on the surface of the 
substrate are processed respectively so as to be perforated 
with holes using (the}iphoto-l i thography method and (thejAdry 
etching method. After this, amorphous si I icon i nc I ud i ng^ <>~\ 
n-type impurity is deposited with a thickness of 600nm all 
over the portion including the holes, / then ^ annealed so as 
to be crystallized. The polycrystal I ine silicon is then 
etched as deep as the film thickness, so as to be structured 
as shown in Fig. 13. Consequently, the holes are filled with 
polycrystal I ine silicon 131 and 132. 

Fig. 14 shows the next process for forming a bit line. 
At first, the entire surface is covered with thejSJO £J ^<L 

insulator 141 using the chemical vapor deposition. Then, 
the^SJO ^nsulator positioned above the polycrystal I ine 
silicon 131 is perforated with holes using both photo- 
lithography method and dry etching method so that the bit 



of the substrate, 



as we 1 1 




122 
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line to be formed later are connected to the n-type impurity 

diffusion layer 125 electrically. After this, metallic 

si I icide to become a bit I ine later, as we 1 1 as a 

polycrystal I ine silicon layer (142) are formed aM over 

these holes. And, on the layer 142 is deposited an SiO 2 layer 

143 with a thickness of 200nm. The(SiO 3h laver 143 ' the 

metallic si I icide, and the polycrysta 1 1 ine si I icon layer 

142 are then patterned using both photo-l ithography and 

dry-etching methods, thereby forming a bit line 142 and an 

SiO 2 layer 143. Then, to insulate the side wall of the bit 

line 142, Si 3 N 4 is deposited with a thickness of 150nm using 

the chemical vapor deposition, then etched using the 

r 

dry-etching method, thereby forming an Si 3 N 4 side wall 

<;:0-Jr- 

spacer 144. Finally, thefSJO ^insulator 141 positioned 
above the polycrystal I ine silicon 132 is treated using both 
photo-l ithography and dry-etching methods, thereby making 
holes. These holes are used to connect a capacitor electrode 
to be formed later to the n-type impurity diffusion layer 
126 electrical ly. 

Fig. 15 shows the process for planarizing the surface 
of the substrate and forming a conductive polycrystal I ine 
silicon plug before the object capacitor is formed. At 
first, an insulator 151 is deposited on the substrate with 



substrate. In this embodiment of the present invention, 




planarize the surface of the 
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500nm thick boron phosphorus silicate glass (BPSG) is used, 

but another silicon oxide film may be used instead of the 

BPSG. The glass is planarized by chemical mechanical 

polishing. The surface of the substrate cart also be covered 

by SiO 2 using the chemical vapor deposition, then etched 

back to planarize the surface. Next, the photo-l i thography 

and the dry etching method are applied to the insulator 151 

positioned above the n-type impurity diffusion layer 126, 

thereby making contact holes. After this, phosphorus-doped 

amorphous silicon is deposited all over the surface 

including (these)^ holes with a thickness of 200nm using the 

chemical vapor deposition,^ then ^annealed to crystallize the 

surface. The surface is then etched back using the dry 

etching method, thereby forming each polycrysta 1 1 ine 

s i I i con p I ug 1 52 f i 1 1 ed with po I yc rysta I I i ne s i I i con. 

This completes the pre-process for forming the oxide 
dielectric capacitor. 

Next, description will be made for respective 
processes for forming an oxide dielectric capacitor 
including a double- 1 aye red conductive oxide later on the 
substrate for which a MOS transistor and a polycrysta I I ine 
silicon plug are already formed. In this embodiment, the 
lower electrode takes a structure in which a conductive 
oxide layer with oxygen deficiency is formed directly on the 
polycrysta I I ine silicon shown in Fig. 2. - 



-83- 



At first, as shown in Fig. 16, a lOnm thick conductive 
oxide layer 161 (RuO 2 ) with oxygen deficiency is formed in 
an Ar atmosphere using the RF-magnetron sputtering method 
as described in detail in the first embodiment of the present 
invention. Then, oxygen is introduced at a gas flow ratio n 
up to Ar/0 2=9/1, (as well aslthe total pressure is increased, 
thereby stacking a 50nm thick conductive oxide layer 162 so 
as to form a double- layered conductive oxide layer (161 and 
162). After this, the layer (161 and 612) was covered with 
a 50nm thick W film using the DC sputtering method. Then, 
a photo resist masking pattern was transferred onto the 
surface of the layer (161 and 162) using the dry etching 
method. This transferred pattern was used as a mask to 
pattern the double- layered conductive oxide layer (161 and 
162) using the sputtering etching method. Then, the 
transferred mask was removed by etching and an oxide 
dielectric layer 163 was formed. In the embodiments of the 
present invention, lead z i r conate titanate [Pb(Zr 0 . 5 Ti 0 5 )0 3 ] 
was used as ; oxide ; ^i elect r ic|. The deposition method was 
as described in detail in the second and third embodiments 
of the present invention. The film thickness was 100nm. 
Finally, a platinum cell plate electrode 164 was formed to 
complete the object memory cell capacitor. 

The polarization hysteresis characteristics of the 
oxide ferroelectric capacitor (sample) were measured by ^ 
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changing the capacitor area from 0.2 to 25 fim 1 . As a result, 
a satisfactory hysteresis curve was obtained, enabling a 
voltage to be supplied to the oxide dielectric layer from 
the polycrystal I ine silicon plug 152 in any cases. 

In the embodiments of^he^^ese^^Jnven^on, it is not 
essential (whethery 1 to select) Tan) oxide dielectric layer. Any 
of lead zirconate titanate [Pb(Zr x Ti ,. x )0 3 ] wi th y other than 
0.5, strontium barium titanate [^Ba x Sr !- x )[riO 3 (x=0 to 1)], 
lead barium zironate titanate, and bismuth layered 
ferroelectr ics can be used to form memory cells in the same 
way. In addition, the same effect could be obtained for the 
conductive oxide layer using any of the compounds described 
in the first embodiment of the present invention. 
<Seventh Embodiment) 

In this seventh embodiment of the present invention, 
description will be made (for^'a process for forming an oxide 
dielectric capacitor on a substrate after finishing the 
processes from forming a MOS transistor up to forming a 

polycrystall ine silicon plug as described in detail in the 
sixth embodiment of the present invention. The capacitor 
includes a double- 1 aye red conductive oxide layer formed on 
an ant i -diffusion non-oxide conductive layer as shown in 
Fig. 3. 

At first, as shown in Fig. 17, an anti-diffusion oxide 
conductive layer 171 is formed. In this embodiment, UN is 



-85- 



used for the ant i -diffusion non-oxide conductive layer and 
such an example will be described in detail. However, note 
that the same effect was also obtained for the semiconductor 
device of the present invention when any of the nitrides of 
Ta, Zr, Nb, V, and Wjwas^used. The nitride layer, as 
described in detail in the second embodiment of the present 
invention, was formed using the DC sputtering method that 
j\ (used] a meta I I i c target. The film thickness was 40nm. After 
the film deposition, the sample was annealed at 800 °C for 
two minutes in an ammonia gas atmosphere using the rapid 
thermal annealing method, thereby accelerating the 
crystallization of the film. 

Next, an SrRuO 3 layer was formed in a weak oxidizing 
atmosphere using the RF-magnetron sputtering method. The 
layer was used as a double- 1 aye red conductive oxide layer. 
The same effect can be obtained even with the film deposition 
in an Ar gas atmosphere. Then, a conductive oxide layer 161 
(SrRuO 3 ) with a 10nm thick oxygen deficient layer was formed 
at a gas flow ratio of Ar/0 2 =1 00/1 , ^ then the gas flow ratio 
was lowered to ArO 2 =9/1 thereby stacking a 50nm conductive 
oxide layer 162 so as to form the double- 1 aye red conductive 
oxide layer (161 and 162). The film deposition conditions 
including the temperature were the same as those in the 
second embodiment of the present invention described above. 
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Next, the above layers were covered with a 50nm W film 
and a photo- resist masking pattern was transferred to the 
W film using the dry etching method. This transferred 
pattern was used as a mask for patterning the double- layered 
conductive oxide layer (161 and 162), as well as the 
ant i-di f fusion non-oxidizing conductive layer 171 through 
sputter-etching. The transferred mask was then removed and 
an oxide dielectric layer 163 was formed. In the embodiments 
of the present invention, lead zirconate titanate 

[Pb(Zr 05 Ti 0.5 )0 3 ] was used as/ oxide j |3ielectr icfl The film 
deposition method was the same as [those) described in the 
second and third embodiments of the present invention in 
detail. The film thickness was 100nm. Finally, a platinum 
electrode 164 was formed to complete the object capacitor 
of a memory eel I. 

The sample was then measured with respect to the 
polarization hysteresis characteristics of this oxide 
ferroelectric capacitor by changing the capacitor area from 
0-2 to 25 fJ.m 2 - As a result, it was found i n (any)\ cases that 
a voltage could be supplied from the polycrystal silicon 

plug 152 to the oxide dielectric layer so as to obtain a 
satisfactory hysteresis curve. 

In the embodiments of the present Invention, it is not 
essential (whether) to select/, (an) oxide dielectric layer. Any 
of lead zirconate titanate [Pb(Zr x Ti ,- x )0 3 ] with x other^ than 
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0.5, strontium barium titanate [((Ba x Sr Vx JTiO 3 (x=0 to 1)], 
lead barium zironate titanate, and bismuth layered 
ferroelectr ics can be used to form memory cells. The same 
effect could also be obtained using any of the compounds, 
I rO 2 , RuO 2 , CaRuO 3 , SrTiO 3 to which La is added, and ReO 3 for 
the conductive oxide layer as described in the first to this 
embodiments of the present invention. 
<Eighth Embodiment) 

In this eighth embodiment of the present invention, 
description will be made (for)/a process for forming an oxide 
dielectric capacitor on a substrate after finishing the 
processes from forming of a MOS transistor up to forming of 
a polycrystal I ine silicon plug as described in detail in the 
sixth embodiment of the present invention. The capacitor 
includes a double- layered conductive oxide layer formed on 
an ant i -diffusion non-oxide conductive layer through a 
metallic layer as shown in Fig. 4. 

At first, as shown in Fig. 18, an anti-diffusion oxide 
conductive layer 171 is formed. In this embodiment, TiN is 
used for the ant i -di f fusion non-oxide conductive layer and 
such an example will be described below. However, note that 
the same effect was also obtained for the semiconductor 
device of the present invention when any of the nitrides of 
Ta, Zr, Nb, V, and W was used. The TiN layer was formed as 
described in detail in the seventh embodiment of the prssent 
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invention. On this layer [was further formed] a 20nm thick 
metallic layer 1 8 1 j[ using the DC sputtering method. Although 
platinum was used in this embodiment, it was confirmed that 
the same effect was also obtained with the use of iridium 
and ruthenium. The film deposition conditions for the 
metallic layer were the same as those in the third embodiment 
of the present invention. 

Next, an(7r0 flayer was formed in a weak oxidizing 
atmosphere using the RF-magnetron sputtering method. The 
layer was used as a double- 1 aye red conductive oxide layer. 
Of course, the same effect was obtained even with the film 
deposition in an Ar gas atmosphere. Then, a 10nm conductive 
oxide layer 161 (Ir0 2 ) with oxygen deficiency was formed at 
a gas flow ratio of Ar/0 2 =100/1, then the gas flow ratio was 
lowered to Ar0.?=9/1 so as to stack a 50nm conductive oxide 
layer 1 64O rO 2 X thereby forming a double- 1 aye red 
conductive oxide layer (161 and 162). The film deposition 
conditions including the temperature were the same as those 
in the third embodiment of the present invention described 
above. 

Next, the above layer was covered with a 50nm W film 
and a photo- resist masking pattern was transferred to the 
W film using the dry etching method. (As this// transfer red 
pattern mask was used for patterning the double- layered 
conductive oxide layers 161 and 162 and metallic layer^ 181, 
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as weil as j(the ant i -diffusion non-oxidizing conductive 

layer 171 through sputter-etching. The transferred mask was 

then removed and an oxide dielectric layer 163 was formed. 

In the embodiments of the present invention, * lead zirconate 

titanate [ Pb(Zr 05 Ti 0 . 5 )0 3 ] was used asjoxide / (dielectr ic§. 

The film deposition method was the same as those described 

in the second and third embodiments of the present invention 

in detail. The film thickness was lOOnm. Finally, a 

platinum cell plate electrode 164 was formed to complete the 

object capacitor of a memory cell. 

The sample was then measured with respect to the 
polarization hysteresis characteristics of this oxide 
ferroelectric capacitor by changing the capacitor area from 
0.2 to 25 #m z . As a result, it was found i n £any^ cases that 
a voltage could be supplied from the polycrystal silicon 

plug 152 to the oxide dielectric layer so as to obtain a 
satisfactory hysteresis curve. 

In the embodiments ot the present invention, it is not 
essential [whether) to select (arj^oxide dielectric layer. Any 
of lead zirconate titanate [Pb(Zr x Ti ^ )0 3 ] wi th X other than 
0.5, strontium barium titanate [((Ba x Sr ^ )JTiO 3 (x=0 to 1)], 
lead barium zironate titanate, and bismuth layered 
ferroelectr ics can be used to form memory cells in the same 
way. The same effect could also be obtained using any of 
the compounds, RuO 2 , SrRuO 3 , CaRuO 3 , SrTiO 3 to which ^La is 
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added, andfReO "^as described in the first to third 
embodiments of the present invention for the conductive 
oxide layer. 
<Ninth Embodiment 

In this ninth embodiment of the present invention, 
description will be made (for)j!a process for forming an oxide 
dielectric capacitor on a substrate after finishing the 
processes from forming of a MOS transistor up to forming of 
a polycrystal I ine silicon plug as described in detail in the 
sixth embodiment of the present invention. The capacitor 
includes an aluminum titanium nitride layer for preventing 
oxygen diffusion and oxidation. In this embodiment, the 
lower electrode layer takes a structure in which a metallic 
layer and an oxide dielectric layer are stacked sequential ly 
on the aluminum titanium nitride shown in Fig. 5- 

At first, as shown in Fig. 19, an aluminum titanium 
nitride [(Ti 0.7^0.3)0.5^.5] layer 191 was formed using the 
RF-magnetron sputtering method. The target was a composite 
one obtained by (putt ing)j a proper amount of aluminum nitride 
plate on a titanium nitride plate. The film deposition 
conditions were as follows: temperature of the substrate 
heater; 550 °C, incident power; 400W, total gas pressure; 8 
mTorr, argon discharge gas/nitrogen gas flow ratio; 90/10, 
deposition rate; 10 nm/min, and film thickness; 50nm. The 
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same effect to be described below was also obtained using 
another aluminum or nitrogen content^ Jcfescr ibedj in Fig. 5. 

On this layer iwas further formed] a 30nm thick metallic 
layer 181^using the DC sputtering method. Although platinum 
was used in this embodiment, it was confirmed that the same 
effect was also obtained with the use of iridium and 
ruthenium. The film deposition conditions for the metallic 
layer were the same as those in the fourth embodiment of the 
present invention. 

Next, the layer formed above was covered with a 50nm 
W film and a photo-resist masking pattern was transferred 
to the W film using the dry etching method. Using this 
transferred pattern as a mask, the aluminum titanium nitride 
layer 191 and the metallic layer 182 were patterned through 
sputter-etching. The transferred mask was then removed and 
an oxide dielectric layer 163 was formed. In the embodiments 
of the present invention, lead zirconate titanate 

[Pb(Zr 05 Ti 0.5 )0 3 ] was used as j oxide j| £3 i e I ect r i c^. The film 
deposition method was the so I -gel method as described in the 
fifth embodiment of the present invention in detail. The 
film thickness was lOOnm. Finally, a platinum electrode 164 
was formed and patterned to complete the object capacitor 
of a memory eel I. , 

The sample was then^asure cfjwith respect to the 
polarization hysteresis characteristics of this oxide ^ 
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ferroelectr ic capacitor by changing the capacitor area from 

r 

0.2 to 25 fim 2 . As a result, it was found in (anylj cases that 
a voltage could be supplied from the polycrystal silicon 

plug 152 so as to obtain a satisfactory hysteresis curve. 

In the embodiments of the present invention, it is not 
essential (whether^ to select |an)j| oxide dielectric layer. Any 
of lead zirconate titanate [Pb(Zr x Tii- x )0 3 ] with x other than 
0.5, strontium barium titanate [(Ba x Sr ,. x )TiO 3 (x=0 to 1)], 
lead barium zironate titanate, and bismuth layered 
ferroelectr ics can be used to form memory cells in the same 
way. 

<Tenth Embodiment 

In this tenth embodiment of the present invention, 
description will be made (foljj^a process for forming an oxide 
dielectric capacitor on a substrate after finishing the 
processes from forming of a MOS transistor up to forming of 
a polycrystal I ine silicon plug as described in detail in the 
sixth embodiment of the present invention. The capacitor 
includes an aluminum titanium nitride layer for preventing 
oxygen diffusion and oxidation. In this embodiment, the 
lower electrode layer takes a structure in which a metallic 
layer, a conductive oxide layer, and an oxide dielectric 
layer were stacked sequentially on the aluminum titanium 
nitride shown in Fig. 5-^ 
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At first, as shown in Fig. 20, an aluminum titanium 
nitride C(Ti o.s A1 0 . 5 )o.sN a5 ] layer 191 and a metallic layer 181 
were formed using the same method as that in the ninth 
embodiment. The same effect to be described 1 below was also 
obtained using another aluminum or nitrogen content, as well 
as using iridium, ruthenium, and rhenium. 

A 50nm thick I rO 2 layer formed using the RF-magnetron 
sputtering method was used as the conductive oxide layer 
201. The target was an Ir metal one. The film deposition 
conditions were as follows: temperature of the substrate 
heater; 500 °C, incident power; 1.5W/cm 2 , deposition rate; 
3 nm/min, discharge Ar gas/oxygen gas flow ratio; 50/50, and 
pressure; 7 mTorr. 

Next, the layer formed above was covered with a 50nm 
W film and a photo-resist masking pattern was transferred 
to the W film using the dry etching method. Using this 
transferred pattern as a mask, the aluminum titanium nitride 
layer 191, the metallic layer 181, as well as a conductive 
oxide layer 201 were patterned through sputter-etching. 

The transferred mask was then removed and an oxide 
dielectric layer 163 was formed. In the embodiments of the 
present invention, bismuth layered ferroelectr ics, 

Bi 4 Ti 3 0 12 , was used as/ oxide^^jielectricj. In an oxidizing 
atmosphere at 50 //Torr in pressure, the titanium and bismuth 
were evaporated using an electron gun and an effusion^ cell 
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respectively, thereby forming a 100nm thick amorphous oxide 
layer (in the]/ room temperature. After this, a rapid thermal 
annealing treatment was appl ied to the sample at 700 °C for 
2min in an oxygen atmosphere so as to crystallize the 
surface. Finally, a platinum cell plate electrode 164 was 
formed and patterned to complete the object capacitor of a 
memory eel I. 

The sample was then measured with respect to the 
polarization hysteresis characteristics of this oxide 
ferroelectric capacitor by changing the capacitor area from 
0.2 to 25 jutn 2 . As a result, it was found in (any)^ cases that 
a voltage could be supplied from the polycrystal silicon 

plug 152 to the oxide dielectric layer so as to obtain a 
satisfactory hysteresis curve. 

Whether to select a conductive oxide layer or an oxide 
dielectric layer is not essential in the embodiments of the 
present invention. In addition, any of lead zirconate 
titanate [ ^Pb(Zr^ Ji Vx )0 3 ](x=0 to 1), strontium barium 
ti tanate [(^Ba^*Sr U^iO 3 (x=0 to 1)3. lead barium zironate 
titanate, bismuth layered ferroelectr ics, and SrBi 2 Ta 2 0 9 can 
be used to form the object capacitor in the same way. Any 
of the conductive oxides of RuO 2 . SrRuO 3 . ReO 3 can also be 
used to obtain the same effect. 

As described in each of the embodiments of the present 
invention, a MOS transistor formed on a silicon subsjrate 
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is applied to a semiconductor device provided in an oxide 
dielectric capacitor of the present invention. As for the 
guideline 1 for selecting conductive materials, a 
conductive oxide layer with oxygen deficiency was formed in 
a non-oxidizing atmosphere, thereby forming a double- 
layered conductive oxide layer. Consequently, the object 
memory cell was formed without oxidizing the 
polycrystal I ine silicon (the sixth embodiment of the 
present invention) adjacent to the double- 1 aye red 
conductive oxide layer, the ant i -diffusion non-oxide 
conductive layer consisting of a nitride, etc. (the seventh 
embodiment of the present invention), and the anti- 
dif fusion non-oxide conductive layer (the eighth embodiment 
of the present invention) through a metallic layer. In 
accordance with the guideline 2 for selecting conductive 
materials^ an aluminum titanium nitride layer for 
preventing oxygen diffusion and oxidation was formed, 
thereby stacking an oxide dielectric layer (the ninth 
embodiment of the present invention) and a conductive oxide 
layer (the tenth embodiment of the present invention) 
without oxidizing the nitride layer even when the metallic 
layer consisting of platinum, etc. and adjacent to the 
aluminum titanium nitride layer for preventing oxygen 
diffusion and oxidation was thinned down to 30nm. The object 
memory cell could be formed^suctyway. According to the _ 
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structures and film deposition methods described above, it 
became possible to reduce both interfacial resistance and 
contact resistance of the object electrode, as well as to 
reduce the capacitor aspect ratio. It was thus possible for 
the present invention to obtain a semiconductor device 
provided with fine-structured memory cells suitable for 
high integration. 

In the above embodiments of the present invention, the 
semiconductor of the present invention was mainly applied 
to a MOSFET. The semiconductor can also be applied to other 
devices that use oxide dielectrics (including oxide 
ferroelectr ics) as a capacitor, for example, a GaAs MMIC 

that uses oxide dielectrics as a so-calied path condensor 
and a chip condensor. 
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SPECIFICATION 



Title of the Invention 



SEMICONDUCTOR DEVICE AND ITS MANUFACTUR I NGj METHOD 



Technical Field 

The present invention relates to a semiconductor 
device suitable for LSIs, as we I I as a method for 
manufacturing such a semiconductor. The semiconductor 
device uses oxide dielectrics, especially oxide 
ferroelectr ics as its capacitor. 

Background Art 

Semiconductor devices consisting of LSIs such as 

dynamic random access memories ( DRAMs), etc. have been 

confronted with problems that the capacitor area must be 
reduced to cope with high integration of the object LSI, as 
well as such a semiconductor device must be prevented from 
complicated structure caused by the reduction of such the 
capacity area. In order to solve those problems, therefore, 
it has been examined to use oxide dielectrics and oxide 

ferroelectr ics as the insulator of the capacitor instead of 
the silicon oxide and the silicon nitride having been used 
so far. The relative dielectric constants of both oxide 



dielectrics and oxide ferroelectr i cs are as large as several 
hundreds to several thousands. (The oxide dielectrics 
mentioned here do not include silicon oxides, etc. It means 
so-called dielectrics whose relative dielectric constants 
are several hundreds.) The ferroelectr ics has spontaneous 
polarization and its polarity can be reversed using an 
external electric field. The reversed polarity can also be 
held. It has thus been tried to use such the f er roe I ectr i cs 
for non- volatile memories. A conventional memory composed 
of such ferroelectr ics is disclosed in the official gazette 
of Unexamined Published Japanese Patent Application 
No. Sho-63-201998 (since oxide ferroelectr ics can be 

regarded to be dielectrics at temperatures above the Curie 
temperature, hereunder, a word of dielectrics will be used 
to describe the ferroelectr ics representatively). 

Generally, lead zirconate titanate, strontium barium 
titanate, and the like are used as oxide dielectrics for 

memories. However, it has been difficult to use oxide 
dielectric capacitors for semiconductor devices used as 
conventional memories, etc., since high temperatures above 
500 °C are needed to crystallize the oxide dielectrics in 
an oxidizing atmosphere. 

For example, it might be considered to adopt a 
structure (conventional structure 1; oxide 

dielectrics/platinum/silicon) so that platinum can be used 



for lower electrode resistant against both oxidation and 

thermal budget, provided under an oxide dielectric 

capacitor. However, platinum and silicon react to each 

other, thereby platinum silicide is formed at their 

interface. Consequently, the electrical resistance of each 

electrode increases. Thus, the (conventional structure 1) 

allowing such a platinum electrode to come directly in 

contact with both silicon substrate and polycrystal I ine 

silicon will not be suitable. Instead of such the 

conventional structure 1, therefore, another structure was 

proposed in 1989 IEEE Int. Sol id-State Circuits Conf. Digest 

pp. 242-243. In the structure, oxide dielectric capacitors 

are formed on passivation layer. On the other hand, a MOS 

transistor is formed outside the capacitor area. And, a 

conduct ive wi r ing layer using aluminum, and the like is 

applied, to connect the source or drain, of the MOS transistor 

to the capacitor. In the case of this method that uses this 

conductive wiring layer, it is difficult to reduce the area 

of each memory cell, so the method is not suitable for a 

memory to be highly integrated. 

The official gazette of Unexamined Published Japanese 
Patent Application No. He i -3-256358 disclosed a method for 
highly integrating a memory formed as follows; a 
semiconductor substrate provided with a MOS transistor 

formed thereon is coated with an insulating material; on the 



substrate an oxide dielectric capacitor is formed. In the 

method, contact holes are formed in the insulator and a 

conductive material is filled in the contact holes thereby 

to connect either of the source or the drain of the MOS 

transistor electrically to one of the two electrodes of the 

capacitor. Generally, polycrystal! ine silicon is used as 

the conductive material to be filled in the contact holes. 

This structure, however, could not avoid occurrence of the 

above problems. In other words, such a structure that 

crystallizes oxide dielectrics directly on polycrystal I ine 

silicon (conventional structure 2; oxide 

dielectr ics/polycrysta 1 1 ine silicon) oxidizes the 

interface between those materials, thereby forming a 

reaction insulating layer there. On the other hand, in order 

to prevent such the formed reaction insulating layer, the 

(conventional structure 3; oxide 

dielectrics/platinum/polycrystal I ine silicon) is 

required. In this structure, platinum is inserted between 

polycrystal I ine silicon and oxide dielectrics to cope with 

the problem. This structure is substantially the same as 

the (conventional structure 1) in configuration. Platinum 

and polycrystal I ine silicon react to each other, thereby 

forming silicide. As a result, the electrical resistance 

of each electrode increases, as well as silicon diffuses 

into platinum, causing a silicon oxide film to be formed on 



the surface of the platinum and the characteristics of the 
dielectric capacitor to be deteriorated. Another problem 
that the elements composing the dielectrics diffuse into the 
silicon substrate, will occur. 

In order to solve those problems, the official 
gazettes of Unexamined Published Japanese Patent 
Application No. He i -4- 14862 and No. He i -4-181766 disclosed 
the (fourth structure 4; oxide dielectr ics/platinum/( Ti, 

Ta, TiN, etc. )/polycrysta I 1 ine silicon) having a non-oxide 
ant i -di f fusion conductive layer for (formed with Ti, Ta, 

TiN, etc.) so as to prevent inter diffusion between platinum 
electrode and si I icon. 

In addition to platinum, Ti, Ta, TiN, etc. used for 
electrode components, conductive oxides are also used as 
each electrode of an oxide dielectric capacitor. Such an 
example is reported in (Journal of Material Research, Vol.8 
(1993), pp.12). This typical example is the (fifth 
structure; oxide dielectrics/ruthenium oxide/SiO 2 )- If 

oxide dielectrics can be put directly in contact with 
ruthenium oxide, an advantage will be obtained; the 
mechanical adhesive strength at the interface between oxide 
dielectrics and electrode increases more than when oxide 
dielectrics is put in contact with a completely different 
type metallic electrode. Such an increase of the mechanical 
adhesive strength between oxide dielectrics and electrode 



can improve the characteristics of the oxide dielectric 
capacitor such as polarization cycle, etc. In this example, 
the capacitor is formed on SiO 2 - If the capacitor is formed 
on polycrystal I ine silicon, however, ruthenium oxide, which 
is an oxide, should not be put in contact directly with 
polycrystal I ine silicon for the same reasons as in the case 
of the (conventional structure 1) and the (conventional 
structure 3). And, in order to prevent such a direct 
contact, a noble metallic layer made of platinum, ruthenium, 
and the like should be formed between them. In this case, 
the (conventional structure 6; oxide dielectrics/ruthenium 
oxide/(platinum/ruthenium, etc. )/polycrystal I ine silicon) 

will be used su i tably. 



Disclosure of the Invention 

In the above related art, description was made for the 
conventional technology to be applied to memories to be 
integrated more highly by coating a MOS-transistor- 
formed-semi conductor substrate with an insulating 
material, then forming an oxide dielectric capacitor 
thereon. As described above, the source or drain of the MOS 
transistor is connected electrically to one of the two 
electrodes of the capacitor through contact holes, which are 
generally filled with a conductive material consisting of 
polycrystal I ine silicon. And, the following two structures 
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are adopted for the conventional technology described 
above : 

(Conventional Structure 4) 

Oxide dielectr ics/platinum/( Ti, Ta, TiN, 
etc. Vpolycrystal I ine si I icon 
(Conventional Structure 6) 

Oxide dielectr ics/ ruthenium oxide/(plat inum, 
ruthenium, etc. Vpolycrystal I ine si I icon 

Each of the above structures includes the fol lowing 
problems. 

At first, the (convention a I structure 4) will be 
described. In order to crystallize oxide dielectrics, an 
oxidizing atmosphere at 500 °C or over is required. Under 
such a condition, however, oxygen diffuses along grain 
boundaries, etc. of platinum crystal grains, thereby oxygen 
reaches the ant i -diffusion non-oxide conductive layer (Ti, 
Ta, TiN, etc.) to oxidize even the layer. Consequently, the 
electrical resistance of the electrode itself increases. In 
order to avoid such a problem, the thickness of the platinum 
layer is increased. This method, however, makes it 
difficult to process the platinum layer, and result in an 
increase of a leak current from the side wall of the 
capacitor. Because, the aspect ratio of the capacitor 
increases if the memory is highly integrated and the fine 
capacitor is formed. And, this is why the (conventional 



structure 4) cannot solve the conventional technology 
problems if Ti, Ta, TiN, etc. are used for an anti- 
interdif fusion layer. 

Next, the (conventional structure 6) will be 
described. Also in this case, the ruthenium oxide layer is 
usually formed in an oxidizing atmosphere. Oxygen diffusion 
reaches up to polycrystal I ine silicon through the 
(platinum, ruthenium, etc.) layers, disabling the 
(conventional structure 6) to solve the conventional 
technology problems including the one that an insulating 
layer is formed by an oxidation. 

Such the conventional technology problems also occur 
not only from the materials shown above concretely, but also 
from layers consisting (platinum, ruthenium, etc.) 
classified into noble metals, layers consisting of (Ti, Ta, 
TiN, etc.) classified into an ant i -diffusion non-oxide 
conductive layer, and an ruthenium oxide layer classified 
into a conductive oxide even when those materials are 
classified according to more general categories. In other 
words, both (conventional structure 4) and (conventional 
structure 6) are represented using more general material 
categories, that is, oxide dielectric/noble metal /ant i- 
diffusion non-oxide dielectric layer/polycrystal I ine 
silicon in the (conventional structure 7) and oxide 
dielectr ic/conductor oxide/noble metal/polycrysta I I ine 



silicon in the (conventional structure 8). The problems 
caused by each of the above layers composing the above 
capacitor are summarized as follows. 

At first, a noble metal layer will arise the following 
problems. (a) A noble metal layer will possibly cause a high 
resistance silicide to be formed if it comes in contact with 
silicon, (b) A noble metal layer will possibly become a 
diffusion path between chemical elements composing silicon, 
oxygen, and oxide. The problems arisen from oxide 
dielectric and conductive oxide layers will be as follows, 
(c) Such a layer will possibly oxidize electrodes, thereby 
increasing electrode resistance or insulating electrodes. 
Finally, an ant i -diffusion non-oxide conductive layer will 
arise the following problem. (d) The layer will possibly 
be oxidized and its resistance will increase significantly. 

If the characteristics of both (conventional 
structure 7) and (conventional structure 8) are noticed 
here, the (conventional structure 9) will be reasoned on the 
analogy of them. The (conventional structure 9) is obtained 
by compounding both of the structures simply. 
(Conventional Structure 9; oxide dielectric/conductive 
oxide/noble meta I /ant i -diffusion non-oxide conductive 
layer/polycrysta I I ine si I icon) 

In this case, if an ant i -di f fusion non-oxide 
conductive layer is inserted, it is possible to solve one 



of the problems (a)( si I icidation) and (b)(the diffusion of 
chemical elements composing silicon and oxides). However, 
the above problems (b), (c), and (d) related to oxygen 
diffusion and oxidation of electrodes remain unsolved just 
like the (conventional structure 4), since the conventional 
indispensable conditions for forming oxides in an oxidizing 
atmosphere are not improved yet at all. 

In other words, the conventional technology cannot 
solve the problems such as oxygen diffusion and oxidation 
both caused by such oxides as oxide dielectrics and 

conductive oxides against such non-oxides as noble metals, 
ant i -diffusion non-oxide conductive layers and 
polycrysta I I ine silicon, not only when an oxide comes in 
contact with po I ycrysta I I i ne silicon directly, but also 
when an oxide comes in contact with polycrysta I- 1 ine silicon 
via a noble metal, as well as when an oxide comes in contact 
with an ant i -di f fusion non-oxide conductive layer via a 
noble metal. 

As described above, in order to connect an oxide 
dielectric material to polycrystal I ine si I icon 
electrically, an ant i -oxidat ion layer must be formed 
between them. Conventionally, there have been no effective 
ant i -oxidat ion layer. Instead of such a layer, therefore, 
a metallic layer consisting of platinum, etc. is formed 
between them. Unfortunately, oxygen diffuses even at grain 
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boundaries of such a metallic layer, thereby reaching the 
ant i -oxidation layer and probably resulting in oxidation of 
the layer. The thickness of the metallic layer was increased 
in some cases to compensate the disadvantage, but this 
resulted in an increase of the aspect ratio of the capacitor. 
This method will thus be improper for forming fine- 
structured memory cells. To solve this problem, therefore, 
a new and effective ant i -diffusion or ant i -oxidation layer 
has been awa i ted. 

Under such the circumstances, it is the first object 
of the present invention to provide a semiconductor device, 
which can solve the above conventional technology problems. 
In order to achieve the first object, the semiconductor 
device of the present invention is provided with a fine- 
structured memory, which can be highly integrated using an 
oxide dielectric material (including ferroelectr ics) for 

the insulator of the capacitor. 

It is the second object of the present invention to 
provide a method for manufacturing such a semiconductor 
device. 

In order to solve the above problems, the 
semiconductor device of the present invention, which 
includes a capacitor consisting of an oxide dielectric 
material, connects a semiconductor layer formed on the top 
surface of a semiconductor substrate or on a substrate to 
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an oxide dielectric material via at least two layer areas, 
each of which consists of a conductive material different 
from the other. The materials of these two conductor areas 
(or material compositions) are combined thereby suppressing 
an increase of the electric resistance generated in the 
conventional technology in the ant i -di f fusion or anti- 
oxidation layer disposed between a semiconductor area and 
an oxide dielectric material area. 

The semiconductor device of the present invention 
comprises the first area consisting of a semiconductor 
material which is conductive (wiring layers and electrodes 
consisting of a semiconductor substrate or a semiconductor 
film); the second area connected to the first area and 
consisting of the first conductive material; the third area 
connected to the second area and consisting of the second 
conductive material; the fourth area connected to the third 
area and consisting of an oxide dielectric material; and the 
fifth area connected to the fourth area and consisting of 
a conductive material. Thus, the semiconductor device of 
the present invention has characteristics as follows in 
terms of the basic configuration; the material composition 
at the interface adjacent to the second area in the first 
area is approximately equal to the average material 
composition of the first area, and the material composition 
at the interface adjacent to the first area in the second 
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area, as well as the material composition at the interface 

adjacent to the third area in the second area are 

approximately equal to the average material composition of 

the second area, respectively. As understood from these 

characteristics, the third and fifth areas compose a 

capacitor via the fourth area. The oxide dielectric 

material composing the fourth area may be replaced with a 

so-called ferroelectric mater ial indicating a 

characteristic ( hysteresis) that a polarization value is 

changed differently between increasing and decreasing an 

appl ied electrical field. 

The present invention is charac terized mainly as 

follows: The semiconductor is composed so that the first 
area has a material composition, which is approximately 
equal to the composition of the semiconductor material 
composing the first area at the interface adjacent to the 
second area, and so that the second area has a material 
composition, which is approximately equal to the 
composition of the first conductive material at the 
interface adjacent to the first area and to the third area. 
In other words, the semiconductor device of the present 
invention is composed so as to make the material composition 
approximately homogeneous within the first and second area, 
respectively. And, there is no material (s i I i con ox i de, 
metallic si I i c i de, t i tanium oxide, etc. described above) 
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that increases the electrical resistance in those areas. 

The materials that increase the electrical resistance as 

described above or the materials having an electrical 

insulating property actually (hereunder, to be referred to 

as a high resistance material) are formed around each 

interface between areas in a process in which the second to 

fourth areas are mu I t i -stacked sequentially on the first 

area. On the contrary, according to the semiconductor 

device of the present invention, the first and second 

conductive materials are selected properly so as to prevent 

formed high- resistance material at the interface between 

the first and second areas, as well as at the interface 

between the second and third areas and further, the first 

area is formed so that its material composition at the 

interface adjacent to the second areas becomes 

approximately equal to the average material composition in 
the first area, and the second area is formed so that its 
material composition at the interface adjacent to the first 
area, as well as at the interface adjacent to the third area 
become approximately equal to the average material 
composition in the second area. It will thus be understood 
clearly here that no high resistance materials are formed 
at the interface between the third and fourth areas because 
of the use of a noble metal of the (conventional structure 
7) or the use of a conductive oxide of the (conventional 



structure 8) in the third area. In addition, an area (layer) 

consisting of a conductive material composed differently 

from the first and second conductive materials may be formed 

between the third and fourth areas thereby to improve the 

electrical conductivity needed between the first and third 

areas or improve the conditions for forming the oxide in the 

fourth area. In terms of the same aspect, an area (layer) 

consisting of a conductive material composed differently 

from the first and second conductive materials may be formed 

between the first and second areas. In short, what is 

important is that the second and third areas are connected 

to each other. 

In an embodiment of the present invention, it is most 
important that the first and second conductive materials 
should be selected properly. There are two guidelines for 
selecting conductive materials. The object of the first 
guideline is as follows; two conductive materials are 
conductive oxides composed of the same chemical element and 
of the same framework of 

the crystal structure. The composition ratio of oxygen in 
the first conductive material is set lower than that in the 
second conductive material. In other words, the first 
conductive material is driven into the oxygen deficiency. 
The object of the second guideline is as follows; aluminum 
titanium nitride ( TiAIN) is used as the first conductive 



material and an ant i -oxidation metallic material is used as 

the second conductive material. In any of the guidelines, 

the two conductive materials should preferably be selected 

from those of which resistivity is 10 mQcm (0.01 £2 cm) or 

under respectively. Hereunder, the present invention will 

be described in detail with reference to each of the 

guidelines. In the following description, the first to 

third areas (including a conductive material layer if it is 

provided between the third and fourth areas) will be 

referred to as the lower electrode and the fifth area as the 

upper electrode. 

1. Guideline 1 for selecting conductive materials 

This guideline is decided to form the second and third 
areas used as a doubl e- layered conductive oxide layer, which 
can suppress oxygen diffusion and oxidation (the third 
object of the present invention) in order to achieve the 
first object of the present invention, as well as to provide 
a method for manufacturing the double- layered conductive 
oxide layer, which can suppress oxygen diffusion and 
oxidation (the fourth object of the present invention) to 
achieve the second object of the present invention. 

Here, description will be made first for the structure 
of a semiconductor device that uses a capacitor consisting 
of an oxide dielectric material, especially the structure 
of a semiconductor device composed of a double- layered 



conductive oxide layer, etc. including a conductive oxide 
layer with oxygen deficiency. Next, description will be 
made sequentially for the characteristics and concrete 
examples of metallic layers, the characteristics and 
concrete examples of ant i -diffusion non-oxide conductive 
layers, and concrete examples of oxide dielectric 
materials. Description will also be made for the 
characteristics and concrete examples of double- 1 aye red 
conductive oxide layers including a conductive oxide layer 
with oxygen deficiency respectively together with means for 
achieving the second object of the present invention 
described above, that is, a method for manufacturing a 
semiconductor device of the present invention. The method 
for achieving the third object of the present invention will 
also described in detail, together with the method for 
achieving the first and second objects. The method for 
achieving the fourth object of the present invention will 
be described in detail, together with the method for 
achieving the second object. 

Next, description will be made for a semiconductor 
device that will achieve the first object of the present 
invention described above. The semiconductor device of the 
present invention includes a capacitor composed of oxide 
dielectrics used as an insulator. Fig. 1 shows a schematic 
diagram of such a capacitor composed of oxide dielectrics. 



Fig. 1 does not show a detailed structure of the capacitor 
of the semiconductor device, which is composed of oxide 
dielectrics. It shows mul t i -stacked layers of the capacitor 
in order to simplify the structure. An oxide dielectric 
capacitor consists of a lower electrode layer 11 formed on 
a substrate (shown only in the direction of the substrate 
side 10 in Fig. 1), an oxide dielectric layer 16 formed on 
the layer 11, and an upper electrode layer 17 formed on the 
layer 16. The lower electrode layer 11 includes a conductive 
oxide layer 12 and this conductive oxide layer 12 consists 
of two adjacent layers 14 and 15, which have the same crystal 
structure and consist of the same chemical elements. Each 
of the layers 14 and 15 has a composition ratio of oxygen 
different from the other. In other words, only the 
conductive oxide layer 14 positioned at the substrate side 
includes oxygen deficiency. These conductive oxide layers 
14 and 15 correspond to the second and third areas described 
above. 

In such a semiconductor device, the lower electrode 
layer 11 is connected electrically to the source area or the 
drain area of a MOS transistor formed on the substrate via 
the lower electrode layer component 13 including at least 
more than one layer formed closer to the substrate than the 
conductive oxide layer 14 with oxygen deficiency. 
Hereunder, an example of this lower electrode layer 



component 13 will be described in detail with reference to 
Figs. 2, 3 and 4. 

Fig. 2 shows a configuration of an oxide dielectric 
capacitor when the lower electrode layer component 13 which 
is positioned closer to the substrate than the conductive 
oxide layer 14 with oxygen deficiency in Fig. 1. consists of 
a conductive polycrystal I ine silicon layer 20- The 
conductive polycrysta 1 1 ine silicon layer 20 mentioned here 
corresponds to the first area described above. A structure 
in which an oxide comes in contact with silicon directly is 
not favorable as described above with respect to the 
conventional structure, since silicon is oxidized 
unavoidably under typically necessary conditions for 
crystallizing the oxide, that is, at 500 °C or over in an 
oxidizing atmosphere. According to the present invention, 
however, the conductive oxide layer 14 with oxygen 
deficiency is formed as an adjacent layer of the 
polycrystal I ine silicon layer 20, so that the structure as 
shown in Fig. 2 is realized. The characteristics of the 
double- layered conductive oxide layer 12 including the 
conductive oxide layer 14 with oxygen deficiency will be 
described later. 

Fig. 3 shows a configuration of an oxide dielectric 
capacitor when the component 13 composing the lower 
electrode layer consists of a non-oxide conductive layer for 
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anti -diffusion 30 and a conductive polycrystal I ine silicon 

layer 20. The lower electrode layer is positioned closer 

to the substrate side than the conductive oxide material 14 

with oxygen deficiency as shown in Fig. 1. The anti- 

diffusion non-oxide conductive layer 30 corresponds to a 

layer formed between the first and second areas described 

above. The conventional technologies cannot avoid 

oxidization of the ant i -diffusion non-oxide conductive 

layer caused by the oxygen that diffuses at grain boundaries 

in a noble metal at 500 °C or over in an oxidizing atmosphere, 

even when a noble metal is used to separate the oxide from 

the ant i -di f fusion non-oxide conductive layer as seen in the 

(conventional structure 7). Those are typical conditions 

needed to crystallize an oxide. Thus, such a structure as 

allowing an oxide to be put in contact directly with the 

ant i -diffusion non-oxide conductive layer 30 as described 

above is not suitable. According to the present invention, 

however, a conductive oxide layer 14 with oxygen deficiency 

is adjacent to the ant i -diffusion non-oxide conductive 

layer 30, the structure as shown in Fig. 3 is thus realized. 

The characteristics of the double- layered conductive oxide 

layer 12 including the conductive oxide layer 14 with oxygen 

deficiency will be described later. 

Fig. 4 shows a configuration of an oxide dielectric 
capacitor when the component 13 composing the lower 
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electrode layer positioned closer to the substrate side than 

the conductive oxide material 14 with oxygen deficiency 

shown in Fig. 1 consists of a metallic layer 40, an anti- 

dif fusion non-oxide conductive layer 30, and a conductive 

polycrysta I I ine silicon layer 20. The metallic layer 40 and 

the ant i -diffusion non-oxide conductive layer 30 correspond 

to a layer formed between the first and second areas 

described above respectively. The conventional 

technologies cannot avoid oxidization of the ant i -diffusion 

non-oxide conductive layer, which caused by the oxygen 

diffusion through the metallic layer 40 at 500 °C or over 

in an oxidizing atmosphere, which are typical conditions 

needed to crysta I I ize oxides. In order to suppress such the 

oxidization, therefore, the thickness of the metallic layer 

40 must be increased as described above. According to the 

present invention, however, a conductive oxide layer 14 with 

oxygen deficiency is adjacent to the metallic layer 40. The 

structure as shown in Fig. 4 is thus realized regardless 

however thin the metallic layer 40 is. The characteristics 

of the double- 1 aye red conductive oxide layer 12 including 

the conductive oxide layer 14 with oxygen deficiency will 

be described later. 

A noble metal highly resistant to oxidization will be 
considered as a candidate for forming such the metallic 
layer. Concretely, among noble metals, at least one of the 
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fol lowing noble metal elements will be suitable; platinum 
which is highly resistant to oxidization, ruthenium, or 
iridium composed of the same element as the noble metal 
element included in the conductive oxide layer to be 
described later. 

Hereunder, materials suitable for the anti-diffusion 
non-oxide conductive layer will be described. Necessary 
conditions to satisfy the requirements of the anti- 
diffusion non-oxide conductive layer 30 are conductivity at 
first, then resistance to oxidization, and resistance to 
reaction with silicon. Compounds to be considered as 
candidates for the ant i -diffusion non-oxide conductive 
layer 30 are nitride, silicide, boride, and carbide. The 
ant i- react ion to silicon is stable in any of those 
compounds. Any of them can be used with no problem. Of 
course, if the object semiconductor device is annealed at 
1000 °C or over, the elements of any of those compounds will 
react to silicon, thereby forming reaction products of high 
resistance or insulation properties possibly. However, a 
back-end process including forming of an oxide dielectric 
capacitor for a semiconductor device will require only a 
heating condition of 800 °C at highest for a few minutes, 
which will not form such reaction products caused by mutual 
diffusion of elements. The reaction to silicon can thus 
be neglected. As for the resistance to oxidization, there 
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will arise no problem in the case of that the conductive 

oxide layer with oxygen deficiency of the double- layered 

conductive oxide layer is put adjacent to the ant i -di f fusion 

non-oxide conductive layer (Fig. 3). As to be described 

later, this is because the conductive oxide layer with 

oxygen deficiency must be formed in a non-oxidizing 

atmosphere and the conductive oxide layer with oxygen 

deficiency functions as an obstacle in the oxygen diffusion 

path. In addition, since the conductive oxide layer with 

oxygen deficiency is over-stacked on the ant i -di f fusion 

non-oxide conductive layer 30 with a metallic layer 

therebetween (Fig. 4), the ant i -diffusion non-oxide 

conductive layer 30 is separated farther from the oxide 

layer. In addition, forming a metallic layer adjacent to 

the ant i -diffusion non-oxide conductive layer have never 

arisen any problem conventionally. 

Hereunder, a concrete example of the ant i -di f fusion 
non-oxide conductive layer will be described. A nitride 
will be suitable if it includes at least one of such metal 
types Ti, la, Zr, Nb, V, and W, since it becomes very 
conductive. In addition those materials, si I icide such as 
Ti, boride such as La, carbide such as Ti, will also be 

sui table. 

Next, materials suitable for an oxide dielectric 
layer will be described. Ferroelectric materials are also 
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oxide dielectric materials, of course. There is no reason 
that must limit the materials. There are some well-known 
materials as shown below, however. Typical examples of 
oxide dielectrics of which center element is titanium are; 
lead zirconate titanate obtained by replacing part or whole 
of the titanium with zirconium, lead barium zirconate 
titanate obtained by replacing part or whole of the lead with 
barium, barium strontium titanate including only alkaline 
earthmetals, etc. As typical examples of bismuth-system 
dielectrics composed in a layered structure, there are 
bismuth layered dielectrics such as Bi 4T i 3O12 » SrBi 2Ta 2 0 9 , 
etc. 

In addition to those well-known oxide dielectrics and 
oxide ferroelectr ics, as well as new oxide dielectrics and 
oxide ferroelectr ics to be discovered in the future, etc. 
are usable as the oxide dielectric layer described above. 

Next, the characteristics of the double- layered 
conductive oxide layer 12 including a conductive oxide layer 
with oxygen deficiency will be described, since mentioned 
so in the description of the structures shown in Figs. 2 to 
4. Here, description will be made for the structure, 
function, and manufacturing method of the doubl e- 1 aye red 
conductive oxide layer in order to achieve the method for 
manufacturing the semiconductor device, which is the second 
object of the present invention, the function of the 
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double-layered conductive oxide layer that can suppress 

oxygen diffusion and oxidation, which is the third object 

of the present invention, and the method for manufacturing 

the double- 1 aye red conductive oxide layer, which is the 

fourth object of the present invention. 

As described above, it is oxidizing of the anti- 
diffusion non-oxide conductive layer and polycrystal I ine 
silicon that are already stacked to become a problem when 
in forming an oxide layer for dielectrics and electrodes. 
The oxidation is caused by an oxidizing atmosphere, which 
is indispensable for forming oxide layers. What must be 
emphasized here that a problem is not reaction between oxide 
and silicon or between oxide and an ant i -di f fusion non-oxide 
conductive layer. In terms of the standard Gibbs free 

energy, oxides composed of alkari earthmetals such as Sr and 
Ca, and transition elements such as Ru and Ti are more stable 
than oxidation of Si. An ant i -diffusion non-oxide 
conductive layer composed of nitride, silicide, bo ride, and 
carbide of transition metals cannot be expected to be 
oxidized through reaction to an oxide in terms of the free 
energy. If anything, they are all oxidized by an oxidizing 
active gas in the atmosphere needed for forming an oxide 
layer. Consequently, the present inventor has concluded 
that the above problems can be solved if an oxide layer is 
formed in a non-oxidizing atmosphere in expectation that 
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other elements composing the semiconductor device of the 
present invention would not be oxidized. 

Generally, the oxide dielectrics (including 
ferroelectr ics) forming an oxide dielectric capacitor and 
oxide films such as conductive oxide electrodes are formed 
in an oxidizing atmosphere. This is mainly because oxides 
are unstable chemically in a non-oxidizing atmosphere and 
no oxide film is formed or even when it is formed, its 
characteristics are not satisfactory. Because the vapor 
pressure of typical elements is high, film formation under 
an insufficient oxidizing condition surely causes selective 
evaporation, that is, a variation in composition in oxide 
ferroelectr ics including group-4 and group-5 typical 
elements such as lead and bismuth. At the same time, since 
decomposed products other than object compounds also come 
to be mixed, the ferroelectric properties are degraded 
significantly. In addition, the non-oxidizing atmosphere 
causes oxygen deficiency in the object compound. In the case 
of oxide dielectrics including group-4 transition elements 
such as titanium and zirconium, oxygen deficiency will cause 
the dielectric constant to be lowered, as well as causes a 
leakage current. Consequently, it is not realistic to form 
an oxide dielectric film in a non-oxidizing atmosphere. 

As for another oxide for forming oxide dielectric 
capacitors, that is, conductive oxide electrodes, it was 
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expected that films could be formed in a non-oxidizing 
atmosphere as long as it does not affect the characteristics 
of electrodes or the object semiconductor device even when 
oxygen deficiency was introduced into compounds and 
simultaneously decomposed products were mixed while the 
films were formed in a non-oxidizing atmosphere. In other 
words, the oxygen deficiency reduces or increases the charge 
density, as wel I as changes its mobility, thereby increasing 
its resistivity. However, no problem arises as long as the 
resistivity required for the electrode layer is secured. 
Forming of films in a non-oxidizing atmosphere will also 
arise no problem as long as the resistance required for the 
electrode layer is secured even when the resistivity is 

increased by coexistence of some decomposed products. 

The component 13 of the lower electrode layer adjacent 
to the conductive oxide layer 12 in Fig. 1, corresponds to 
the polycrystal I ine silicon layer 20 in Fig. 2, the anti- 
diffusion non-oxide conductive layer 30 in Fig. 3, and the 
anti-diffusion non-oxide conductive layer 30 through the 
metallic layer 40 in Fig. 4, respectively. In order to 
prevent those layers from oxidation, the present inventor 
thought it would be better to form the side 14 at which the 
conductive oxide layer 12 was adjacent to the component 13 
(20, 30 and 40) of the lower electrode layer in a non- 
oxidizing atmosphere. The layer 14 was thus formed up to 
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a certain thickness. And, the rest layer 15 of the 

conductive oxide layer 12 was formed continuously in an 

oxidizing atmosphere by changing the oxidizing activity of 

only the film deposition conditions, such as the oxygen 

pressure and the type of the oxidizing gas. In other words, 

the conductive oxide layer 12 is composed of adjacent two 

layers 14 and 15, and these two layers are composed in the 

same crystal structure and with the same element, but 

differently from each other in the composition ratio of 

oxygen. Only the layer 14 of the two adjacent layers includes 

oxygen deficiency. The layer 14 is positioned at the 

composed component 13 side of the lower electrode layer, 

that is, at the substrate side. 

Since the conductive oxide layer 14 is for med in a 

non-oxidizing atmosphere, the adjacent lower electrode 
layer component 13 (polycrystal I ine silicon layer 20, the 
ant i -diffusion non-oxide conductive layer 30, and the 
metallic layer 40) are not oxidized. The conductive oxide 
layer 14 with oxygen deficiency, after it is formed once, 
is stable in terms of the standard Gibbs free energy. Then, 
the component 13 (20, 30, and 40) of the lower electrode 
layer is also not oxidized. And, as shown in Fig. 4, even 
when a metallic layer 40 is inserted therebetween, the 

anti-diffusion non-oxide conductive layer 30 is never be 
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oxidized by oxygen diffusion, so the thickness can be 
thinned as much as possible. 

After the forming of the conductive oxide layer 14 
with oxygen deficiency, the conductive oxide layer 15 and 
the oxide dielectric layer 16 are formed in an oxidizing 
atmosphere. If the conductive oxide layer 14 includes oxygen 
deficiency, the layer 14 acts as a diffusion buffer layer 
against oxygen even when those layers 15 and 16 are formed 
in an oxidizing atmosphere. In other words, even when the 
surface of the conductive oxide layer 14 with oxygen 
deficiency is exposed to an oxidizing gas, the layer 14 acts 
as a buffer layer against the oxygen diffusion ions, as well 
as captures diffusing oxygen ions. Since the conductive 
oxide layer 14 itself is stable in terms of the standard 
Gibbs free energy, the layer 14 acts as an ant i -oxidation 
layer for the component 13 (20, 30, and 40) of the lower 
electrode layer. 

Consequently, the double- layered conductive oxide 
layer including a conductive oxide layer with oxygen 
deficiency, which is formed in a non-oxidizing atmosphere, 
acts as an excellent oxidation resistant film and an oxygen 
diffusion barrier layer. 

The thickness of the conductive oxide layer 14 (with 
oxygen deficiency), which is formed in a non-oxidizing 
atmosphere, should preferably be lOnm or larger. The reason 
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is that the component 13 (20, 30, and 40) of the lower 
electrode layer is completely covered so as to be prevented 
from oxidizing when the conductive oxide layer 15 and the 
oxide dielectric layer 16 are formed in an oxidizing 
atmosphere. The upper limit is not determined specially for 
the thickness. All of the conductive oxide layers 12 may 
be composed of a conductive oxide layer 14 (with oxygen 
deficiency) which is formed in a non-oxidizing atmosphere. 
In this case, however, since the following oxide dielectric 
layer 16 is formed off course in an oxidizing atmosphere, 
the interface of conductive oxide layer 14 adjacent to the 
oxide dielectric layer 16 is oxidized. Consequently, a thin 
layer 15 is formed at the interface. The double- layered 
conductive oxide layer 12 can thus be formed. 

Hereunder, a non-oxidizing atmosphere will be 
described with respect to a method for manufacturing the 
double- layered conductive oxide layer. A certain non- 
oxidizing atmosphere is an atmosphere including a hydrogen 
gas and a reducing gas. In such a reducing atmosphere, 
however, much oxygen is takeout while an oxide film is grown 
in the film deposition process. The film is thus possibly 
reduced to a metal I. A milder non-oxidizing atmosphere is 
an inactive gas atmosphere that uses inert gasses such as 
argon and helium, or a vacuum into which none of oxidizing 
gases such as oxygen (0 2 ), nitride monoxide (N 2 0), nitric 
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dioxide (N0 2 ), ozone (0 2 ), etc. is introduced intentionally. 

If the component 13 of the lower electrode layer is assumed 

to be an ant i -di f fusion non-oxide conductive layer 30 (or 

a metallic layer 40) and a conductive oxide layer to be 

formed is more reactive to oxygen than the ant i -diffusion 

non-oxide conductive layer 30, it can apply a weak oxidizing 

atmosphere including oxidizing gases such as oxygen, 

nitrogen monoxide, nitrogen dioxide and ozone, etc. 

slightly. In other words, as described in the conventional 

technologies, it is more possible that the ant i -di f fusion 

non-oxide conductive layer is oxidized in a remarkable 

oxidizing atmosphere. In the atmosphere including a slight 

oxidizing gas, the ant i -di f fusion non-oxide conductive 

layer is not oxidized while a conductive oxide layer with 

oxygen deficiency can be formed. This is because an energy 

barrier for oxidation exists between the ant i -di f fusion 

non-oxide conductive layer in which compounds are already 

formed and the conductive oxide layer. 

Concretely, the condition of a non-oxidizing 
atmosphere depends on respective film deposition methods 
with which a conductive oxide layer is formed. At first, 
when an oxide film is formed in an inert gas or inactive gas 
atmosphere or in a vacuum, no oxygen is supplied from the 
growth environment. The film deposition source must include 
oxygen. This film deposition category includes a sputtering 
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method, a laser deposition method, both of which use a 

sintered oxide target, an electron beam evaporation method 

that uses an oxide evaporation source, etc. Since the 

sputtering method needs a discharge gas, introduction of an 

argon (Ar) gas of 3N (99.9%) or up in purity by a few mTorr 

to a few tens of mTorr will do. it should be avoided, 

however, to use a gas of low purity, since such a gas brings 

an unexpected result such as unstable discharge, 

precipitation of impurity phases, etc. The laser deposition 

method can form oxide films in a vacuum. Of course, no 

problem will occur if any of inert gasses are used just like 

in the sputtering method, but it makes no sense principally. 

Films can also be formed by electron beam deposition method 

that uses an oxide evaporation source. The vacuum mentioned 

here is a state achieved by any of evacuation devices without 

introducing oxidizing gases such as oxygen, nitrogen 

monoxide, nitrogen dioxide, ozone, etc. intentionally. The 

pressure should preferably be 1 ^Torr or under in terms of 

the non-oxidizing atmosphere in both laser deposition and 

electron beam deposition methods. 

Each of the film deposition methods described above 
can be applied to form an oxide film on the ant i -di f fusion 
non-oxide conductive layer (including a case when the layer 
is formed via a metallic layer) in a weak oxidizing 
atmosphere including oxidizing gases such as oxygen, 
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nitrogen monoxide, nitrogen dioxide, ozone, etc. slightly. 
The sputtering method is just required to include an 
oxidizing gas used as a discharge gas. The laser deposition 
method is just required to include an oxidizing gas. The 
electron beam deposition method, when used in a vacuum, can 
use only an oxide as an evaporation source. When it is used 
in a weak oxidizing atmosphere, however, it can also use a 
metal evaporation source. Consequently, the method can use 
a heater such as an effusion cell (K cell) as a heating source 
in addition to the electron beam. The pressure should 
preferably be 10 ^Torr or lower in total pressure or partial 
pressure of the oxidizing gas in use in terms of the 
non-oxidizing atmosphere in any of the sputtering method, 
the laser deposition method, and other deposition methods 
that use an electron beam and a heater. 

On the basis of the ideas described above, the 
following results have been obtained when in checking of the 
conductive oxides that can satisfy the condi t ions wi th 
respect to the rutile structure, the perovskite structure, 
and the ReO 3 structure in which many conductive oxides are 
known: (a) The resistivity in the room temperature is 0.01 
Qcm or lower, (b) Possible to be stabilized in a non- 
oxidizing atmosphere and under typical condi tions(oxygen 
pressure of 1 ^Torr and temperature of 700 °C). 
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ln order to satisfy the above requirement (b), it is 
not desirable that a conductive oxide is composed of 
multi -valent ion, which are positive center cation. 
Consequently, conductive oxides including Cr, Mn, Fe, Co, 
Ni, Cu, and V are excluded. 

There are two conductive oxides that crystallized in 
the rutile structure; RuO z and IrO 2 - 

There are three conductive oxides that crystallized 
in the perovskite structure; CaRuO 3 and SrRO 3 whose center 
element is Ru (ruthenium), and (La, Sr) Ti0 3 in which part 
of Sr of SrTiO 3 whose center element is Ti (Titanium) is 
replaced with La by over 0.5 weight % to 4.0 weight % 
( included) in quant i ty. 

ReO 3 is another conductive oxide that takes the ReO 3 
structure. 

When forming a conductive oxide in a non-oxidizing 
atmosphere, oxygen deficiency is introduced as described 
above. In the thermal equilibrium state, only slight oxygen 
deficiency of 0. 1% or lower is introduced as a point defect, 
but film deposition is often made in a non- equilibrium 
state. Thus, an extra oxygen defect is easily frozen 
excessively unlike in the thermal equilibrium state. It is 
very difficult, however, even with the current analysis 
technique to measure an oxygen defect concentration 
specific to films. Actually, it is impossible to define an 
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oxygen defect concentration with an accurate value. On the 

other hand, no remarkable impurity was identified when a 

crystal structure of the film which was deposited in a 

non-oxidizing atmosphere was analyzed by an X-ray 

diff ractometer. The stoichimetry of cations could be 

confirmed in the compositional analysis using the ICRS 

( Induct ivity-Coupled Plasma Spectroscopy). At this time, 

the resistivity increased by almost 10% in maximum than in 

deposition of the same films in an oxidizing atmosphere. 

This suggests that an oxygen deficiency is surely 

introduced. 

A film formed in a non-oxidizing atmosphere will be 
defined concretely as follows on a condition that the 
permissible oxygen deficiency allows an objective structure 
to be kept stable. For the rutile structure, it is defined 
that an oxygen deficiency x is larger than 0 and smaller than 
a value that enables the rutile structure to be kept stable 
in the chemical formula M0 2 - x with oxygen deficiency in which 
both Ru and Ir transition elements are represented by M. For 
the perovskite structure, it is defined that the oxygen 
deficiency x is larger than 0 and smaller than a value (upper 
limit value) that enables the perovskite structure to be 

kept stable in the chemical formula AMO 3 - x with oxygen 

deficiency in which both Ru and Ti transition elements are 
represented by M, and Ca, Sr, and La elements are represented 
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by A, respectively. At this time, even when an ant i -site 
defect is introduced between cations due to the introduced 
oxygen deficiency, thereby a lattice constant becomes 
larger than the standard bulk value, the basic framework is 
judged to be still within the category of the perovskite 
structure. For the ReO 3 structure, it is defined that the 
oxygen deficiency x is larger than 0 and smaller than a value 
that enables the ReO 3 structure to be kept stable in the 
chemical formula MO 3 - x with oxygen deficiency. 

The introduction of oxygen deficiency causes the 
resistivity of the conductive oxide to be increased by 
almost 1 096 in maximum, but the conductive oxide is kept low 
in resistivity enough to be used as electrodes. For example, 
the resistivity was increased by almost 10% in SrRuO 3 - x , but 
the resistivity was as small as a few mQcm as an absolute 
value. In I rO 2 -x . R u0 2 - x , and ReO 3 -x . the resistivity was 
increased only to about double in maximum. In other words, 
it was confirmed that the conductive oxides could keep a 
resistivity enough to be used for electrodes even when the 
conductive oxides described above were formed in a non- 
oxidizing atmosphere. 

A possibility of coexistence of decomposed products 
was as described above when a conductive oxide was formed 
in a non-oxidizing atmosphere. Both RuO 2 and I rO 2 in rutile 
structures, as well as the ReO 3 are a monoxide respectively 
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and each of those structures includes only one type 

transition element. It is thus no fear that they are 

decomposed thereby to produce other compounds. On the other 

hand, the perovskite structure expressed by AMO 3 is a complex 

oxide which consists of an element M consisting of 

transition elements and an element A consisting mainly of 

alkaline-earth metals. It is thus possible that decomposed 

products coexist at a high temperature of about 700 °C in 

anon-oxidizing atmosphere. Actually, when Ca was included 

as an alkaline-earth metal, it was confirmed by an X-ray 

diff Tactometer that about a few % CaO existed as a decomposed 

product. Even when Sr was included, SrO was observed as a 

decomposed product in a stronger non-oxidizing atmosphere, 

that is, at a higher temperature and at a lower pressure. 

In any cases described above, therefore, it was recognized 

that nothing affected the resistivity in the room 

temperature. It was concluded from this result that high 

resistant decomposed products were distributed and 

coexisted in a conductive oxide, so that a current was flowed 

in a lower objective conductive oxide. 

At a lower temperature than the room temperature, a 
metallic conduction was observed, where the resistivity was 
decreased as the temperature was decreased if there was no 
decomposed product. If decomposed products coexisted, a 
conduction that caused the resistivity to be increased was 
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observed. It was concluded from this result that the 
increase of the resistivity was caused by the conduction 
characteristics of decomposed products segregated along 
grain boundaries in a micro scopic fashion. 

In any cases described above, at the room temperature 
or above, the increase of the resistivity caused by 

coexistence of decomposed products was within an allowable 
range for conductive oxide layers or semiconductor devices 
that used conductive oxide layers. In other words, each of 
conductive oxides that take the perosvkite structure may be 
a mixed phase of CaRuO 3 . SrRuO 3 > and (La, Sr) T i 0 3 in which 
a part of Sr of SrTiO 3 is replaced with La by over 0.5 to 
4.0 weight^ (included), and an alkaline earthmetal oxide CaO 
or SrO composing the subject oxide. 

Description has been made s o far for the means for 
achieving the first object of the present invention, that 
is the characteristics of a semiconductor device, using 
oxide dielectrics as a capacitor insulator and a double- 
layered conductive oxide layer as an electrode element, as 
well as for the means for achieving the second object of the 
present invention, that is, a method for forming the 
double- layered conductive oxide layer, selected from the 
methods for manufacturing such a semiconductor device, and 
for the means for achieving the third object of the present 
invention, that is, the characteristics of the double- 
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layered conductive oxide layer that can suppress oxygen 
diffusion and oxidation, and for the means for achieving the 
fourth object of the present invention, that is, a method 
for forming the double- 1 aye red conductive oxide layer. 

Finally, description will be made for the means for 
achieving the second object of the present invention, that 
is, a method for manufacturing such a semiconductor device. 
The method for manufacturing the semiconductor device of the 
present invention includes processes for forming a lower 
electrode layer on a substrate as described above with 
reference to Figs. 1 to 4. The lower electrode layer consists 
of a polycrystal I ine silicon layer, a non-oxide conductive 
layer for anti -di f fusion, a metallic layer, and a 
double- 1 aye red conductive oxide layer. Usually, a 
polycrystal I ine silicon layer is formed using the chemical 
vapor deposition. The non-oxide conductive layer for 
anti -diffusion is formed using the sputtering method, the 
vacuum deposition method, and the CVD method. The metallic 
layer is formed using the sputtering method. However, the 
methods for forming those layers are just examples and they 
are not limited for modification specially. How to form the 
double- layered conductive oxide layer is as described in 
detail. The compound of each layer for composing the lower 
electrode is also as described above in detail. 
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In order to form an oxide dielectric capacitor so that 
its oxide dielectric layer is between the upper and lower 
electrode layers, an oxide dielectric layer is formed on 
this lower electrode layer, then the upper electrode layer 
is formed on the oxide dielectric layer. Concrete compounds 
used for forming the oxide dielectric layer are as described 
above in detail. The so I -gel method with use of alkoxide, 
the vacuum deposition method, the chemical vapor 
deposition, the sputtering method, etc. can be used to form 
the oxide dielectric layer. The methods are not limited only 
those specially. The upper electrode layer should 
preferably be formed with the same conductive oxide as that 
of the lower electrode layer if the symmetry of the current 
- voltage characteristics of the dielectric capacitor, as 
well as the symmetry of the polarization hysteresis curve 
of the ferroelectric capacitor are considered to be 
important. However, the semiconductor device will work as 
expected even if the conductive oxide and a noble metal such 
as platinum, ruthenium, and iridium are different between 
the upper and lower electrode layers. The upper electrode 
layer can be formed by any of sputtering, vacuum deposition, 
sol-gel, and chemical vapor deposition methods. The film 
deposition method is not limited only to those specially 
even when a noble metal is used for forming the upper 
electrode layer. 
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Before the oxide dielectric capacitor, that is, the 
lower electrode layer is formed, part of a MOS transistor 
is formed on the substrate. The source area or the drain 
area of the MOS transistor is connected electrically to the 
lower electrode layer through the conductive material 
filled in the contact holes formed through the insulator, 
which covers the semiconductor substrate on which the MOS 
transistor itself is formed. Polycrystal I ine silicon 
formed using the chemical vapor deposition is often used as 
the conductive material filled in these contact holes. The 
polycrystal I ine silicon deposition method and the filling 
material are not limited only those specially. 
2. Guideline 2 for Selecting Conductive Materials 

This guideline is determined to achieve the first and 
second objects of the present invention, especially on the 
basis of the configuration of (the conventional technology 
7). 

In order to achieve the first object of the present 
invention, the semiconductor device of the present 
invention is provided with an oxide dielectric capacitors 
formed on a semiconductor substrate. The capacitor consists 
of a lower electrode layer including an aluminum titanium 
nitride layer, an oxide dielectric layer formed on the 
aluminum titanium nitride layer, and an upper electrode 
layer formed on the oxide dielectric layer. Figs. 5 and 6 
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show two typical cross sectional views of the lower 

electrode layer. Figs. 5 and 6 do not show any detailed 

structure of the oxide dielectric capacitor provided in the 

semiconductor device of the present invention, but they show 

simplified views of how each layer of the capacitor is 

stacked. 

In Fig. 5, the lower electrode layer 11 consists of the 
aluminum titanium nitride layer 50 formed on the 
polycrystal I ine silicon layer 20, and the metallic layer 40 
formed further on the layer 50- The conductive 
polycrystal I ine silicon layer 20 corresponds to the first 
area described above in the concept of the semiconductor 
device. The aluminum titanium nitride layer 50 corresponds 
to the second area described above in the concept of the 
semiconductor device. The metallic layer 40 corresponds to 
the third area described above in the concept of the 
semiconductor device. In Fig. 6, a conductive oxide layer 
60 is stacked on the component of the lower electrode layer 
11 shown in Fig. 5. This conductive oxide layer 60 
corresponds to an area provided between the third and fourth 
areas described above in the concept of the semiconductor 
device. 

The lower electrode layer 11 is also connected 
electrically to a predetermined area of the semiconductor 



-43- 



element formed on the substrate, for example, the source or 
drain area of a MOS transistor. 

Hereunder, the function of the aluminum titanium 
nitride layer 50 used for preventing oxygen diffusion and 
oxidation will be described. As described in the 
conventional technologies, the titanium nitride layer used 
as a layer for preventing oxygen diffusion and oxidation, 
which have been examined so far, is weak in ant i- react ion 
to oxygen. And, in order to compensate this weak point of 
the titanium nitride layer, it is indispensable to put a 
metallic layer made of platinum, etc. therebetween. A 

platinum of about 200nm in thickness is also needed to secure 
a time of oxygen diffusion at grain boundaries in platinum. 
On the other hand, the titanium nitride layer still has 
attraction, since it acts to prevent oxidization to a 
certain level while it keeps a high conductivity. This is 
why aluminum is added to titanium nitride to obtain a 
remarkable resistance to oxidization. The resistance was 
found as a result of examination for the possibility of 
improvement of the resistance to oxidization by adding the 
second metallic element to titanium nitride. 

The reaction of a nitri de to oxidization, thereby to 
be changed into an oxide, is considered to be a reaction that 
substitute oxygen with nitrogen in the nitride. In other 
words, it may be considered that the height of the energy 
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barrier between the nitride and the oxide dominates this 
substitution qualitatively. In the aluminum titanium 
nitride obtained by the present invention, the improvement 
of the ant i -react ion to oxygen is considered to be caused 
by this heightened energy barrier. Regardless of this 
chemical back ground, however, it was found that the 
aluminum titanium nitride could function enough as an 
ant i -oxidizing layer if part of titanium in the titanium 
nitride is replaced with aluminum. In terms of this 
ant i -oxidizing property, if the chemical formula of the 
aluminum titanium nitride was expressed by (Ti^Alx) i- y N y> 
x should preferably be 0.2 or above and y should preferably 
be 0.4 or above. If x is smaller than 0.2, the ant i -oxidizing 
property is not improved at all. If y is smaller than 0.4, 
T i 0 2 produced by oxidization is observed in an X-ray 
diffraction measurement. 

Aluminum nitride is a high resistant material. If 
part of titanium is replaced with aluminum, the resistivity 
increases. If such aluminum titanium is to be used for each 
electrode of a semiconductor device, the resistivity should 
preferably be 10m Qcm or under. Consequently, if aluminum 
titanium nitride is represented by a chemical formula of 
(Ti i- x A1 x)i- y N y , x should preferably be 0.5 or below and y 
should preferably be between 0.4 and 0.6. If an impurity 
phase is precipitated, the material becomes imhomogeneous 
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in the electrode, thereby forming of fine- integrated memory 
cells is disabled. In order to avoid this, the x value should 
preferably be 0.6 or below and the y value should preferably 
be 0.2 or above, and 0. 6 or below. 

In conclusion, the x value should preferably be 0-2 
or above, and 0.5 or below and the y value should preferably 
be 0-4 or above, and 0.6 or below in the aluminum titanium 
nitride expressed by a chemical formula of(Ti i- x A1 x) i- y N y . 

Another requirement for the aluminum titanium nitride 
layer, that is, the property of anti -di f fusion is expected 
to be equivalent to that in the titanium nitride layer, since 
the structure of titanium nitride which is a mother compound 
is maintained, intrinsically. Thus, no problem is found 
specially from the layer. 

The metallic layer 40 covering the aluminum titanium 
nitride layer shown in Figs. 5 and 6 should preferably be at 
least one of noble metals excellent in anti -oxidizing 
properties, that is, platinum, iridium, and ruthenium. For 
the conventional structure in which the anti -oxidizing 
layer is made of titanium nitride, the metallic layer had 
to be about 200nm in thickness. For the aluminum titanium 
nitride layer of the present invention, the resistance to 
oxidization is already improved. For example, 30nm will do 
as the thickness of the metallic layer as long as the layer 
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can cover the surface of the aluminum titanium nitride layer 
completely. 

For the structure shown in Fig. 5, an oxide dielectric 
layer 16 is formed on the metallic layer 40. However, a 
conductive oxide layer 60 may be inserted between the oxide 
dielectric layer 16 and the metallic layer 40 as a component 
of the lower electrode layer. The conditions for forming 
a conductive oxide layer in an oxidizing atmosphere are 
usually the same as those of forming an oxide dielectric 
layer. Thus, it may be considered that the resistance to 
oxidization required for the aluminum titanium nitride 
layer is also the same. Since such a conductive oxide layer 
can improve the contact property at each interface with a 
metallic layer, if it includes the same elements of a noble 
metal as those of the metallic layer, it should preferably 
be at least one of I rO 2 , RuO 2 > SrRuO 3 , and ReO 3 . 

Hereunder, preferred materials for the oxide 
dielectric layer 16 will be described. There is no reason 
to limit the materials for the layer 16 specially. The 
following materials usable for the layer 16 are well known. 
Typical examples of oxide dielectrics whose center element 
is titanium are lead zirconate titanate obtained by 
replacing part or whole of titanium with zirconium, lead 
barium zirconate titanate obtained by replacing part or 
whole of the lead with barium, barium strontium titanate 
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including only alkal I ine-earth metal elements, etc. As 
typical examples of bismuth dielectrics with layered 

structure, there are bismuth layered dielectrics such as 

Bi 4 Ti 3 0 12 , SrBi 2 Ta 2 09, etc. In addition to those examples, 
other well-known oxide dielectrics, oxide ferroelectr ics, 
and new oxide dielectrics and oxide ferroelectr ics to be 
discovered in the future are all usable as the oxide 
dielectric layer described above. 

The upper electrode layer 17 may be any material if 
it is conductive. They are not limited only to metals and 
oxides. Each of the noble metals described above (in the 
example of the metallic layer 40 provided in the lower 
electrode layer) is usable. Each of the oxides described 
above (in the example of the conductive oxide layer 60 
provided in the lower electrode layer) is usable. The 
materials of the upper electrode layer 17 are not limited 
only to those specially. 

Next, description will be made for a method for 
manufacturing the semiconductor device of the present 
invention in order to achieve the second object described 
above. The method for manufacturing the semiconductor 
device of the present invention includes a process for 
forming the lower electrode layer including an anti- 
diffusion and ant i -oxidation layer of aluminum titanium 
nitride which is formed in a nitriding atmosphere using the 
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sputtering method. Various types of sputtering targets are 
usable; for example, a metallic target consisting of a 
titanium aluminum alloy, a compos i te- target obtained by 
putting an aluminum metal or aluminum nitride on a titanium 
target, a composite-target obtained by putting a titanium 
metal or a titanium nitride on an aluminum target, a dual 
target consisting of a titanium target and a aluminum target 
and so as to be spattered simultaneously, a nitride target 
consisting of an aluminum titanium nitride, a composite- 
target obtained by putting an aluminum metal or an aluminum 
nitride on a titanium nitride target, a compos i te- target 
obtained by putting a titanium metal or a titanium nitride 
on a aluminum nitride target, a dual target consisting of 
an aluminum nitride target and a titanium nitride target 
separately and so as to be sputtered simultaneously, etc. 
Any of DC and AC can be used for the sputtering discharge. 
If an aluminum nitride whose resistance is large is used as 
a target, however, an RF discharging is required. 

At least, a discharge gas and a nitrogen gas must be 
included in the atmosphere used for forming an anti- 
diffusion and ant i -oxidation layer of aluminum titanium 
nitride. A inert gas can be used as a discharge gas. 
However, usually an argon gas is used considering the 
economy. A nitrogen gas is included in the discharge gas 
by 10 to 90 moleJfi, since it requires sufficient nitridation 
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and a high through-put (high deposition rate). If there is 
no restriction for both semiconductor device and 
environment, a few persent ammonia gas may be included 
thereby to accelerate nitridation and suppress oxidation. 

The temperature should preferably be above the room 
temperature to 600 °C (included) when a aluminum titanium 
nitride anti-diffusion and an ant i -oxidation layer are to 
be formed with the sputtering method. Of course, the room 
temperature does not mean that samples are kept in the room 
temperature, but it means that the samples should not be 
cooled or heated specially. Natural rising of the 
temperature should be allowed during the sputtering. When 
a sample was formed at a temperature above 600 °C in a heating 
process, it was observed by an X-ray diffraction measurement 
that an aluminum nitride (A IN) was generated separately from 
the sample. 

Furthermore, in order to achieve the second object 
described above, the method for manufacturing the 
semiconductor device of the present invention includes a 
process for completing the lower electrode layer by stacking 
a metal layer, or a metal layer and a conductive oxide layer 
sequentially on an ant i -di f fusion and ant i -oxi dat ion layer 
of aluminum titanium nitride. On this lower electrode 
layer, an oxide dielectric layer is formed. Then, the upper 
electrode layer is stacked thereon so that an oxide 
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dielectric capacitor is formed in a structure so that the 
oxide dielectric layer is put between the upper and lower 
electrode layers. The metallic layer may be formed with any 
of the sputtering method, the vacuum evaporation method, 
etc. As for the conductive oxide layer and the oxide 
dielectric layer, the sputtering method, the reactive 
evaporation method, the laser ablation method, the chemical 
vapor deposition method, the so I -gel method, etc. are 

usable. The method is not limited specially. The upper 
electrode layer may also be formed with any of those methods. 

Before the oxide dielectric capacitor, that is, the 
lower electrode layer is formed, part of a MOS transistor 
is formed on the substrate. The lower electrode layer is 
connected electrically to the source area or the drain area 
of this MOS transistor through the conductive material 
filled in the contact holes perforated in the insulator, 
which covers the semiconductor substrate on which the MOS 
transistor itself is formed. Polycrystal I ine silicon 
formed using the chemical vapor deposition method is often 
used as the conductive material filled in these contact 
holes. The forming method and the filling material are not 
I imi ted special ly. 

3. Characteristics of the Semiconductor Device of the 
Present Invention 



The semiconductor device to be realized by an 
embodiment of the present invention on the basis of the above 
two guidelines for selecting conductive materials will have 
the following characteristics. 

The semiconductor device of the present invention is 
provided with the first area (a semiconductor substrate or 
a semiconductor film, etc. ) consisting of a conductive 
semiconductor material, the second area connected to the 
first area and consisting of the first conductive material, 
the third area connected to the second area and consisting 
of the second conductive material, the fourth area connected 
to the third area and consisting of an oxide dielectrics, 
and the fifth area connected to the fourth area and 
consisting of a conductive material. And, the average 
resistivity of the first area is almost equal to the 
resistivity of the semiconductor material composing the 
first area and the average resistivity of the second area 
is almost equal to the resistivity of the first conductive 
material composing the second area. Such the 
characteristics mean that the respective electric 
resistances of the first to third areas are determined 
uniquely by the resistivity of the semiconductor material 
or the conductive material used for forming each of those 
areas, as well as by the length of the current path in each 
of those areas (or the thickness of each of those areas, if 
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it is stacked vertically). In other words, the embodiment 

of the present invention can avoid the forming of a high 

resistant material almost completely in the first or second 

area, which has been a problem of the conventional 

technology. And accordingly, it is possible to suppress an 

increase of the electrical resistance in those areas, as 

well as enabling the average resistivity in the current path 

from the first area to the third area to be set 0.01 ^cm or 

be I ow. 

Consequently, according to the present invention, 
when both oxide dielectric layer and conductive oxide layer 
are formed, memory cells can be formed without oxidizing the 
polycrysta I I ine silicon layer adjacent to both oxide 
dielectric layer and conductive oxide layer, as well as the 
ant i -diffusion non-oxide conductive layer consisting of a 
nitride, etc. Consequently, it becomes possible to reduce 
both interfacial resistance and contact resistance of each 
electrode, obtaining a semiconductor device provided with 
fine-structured memory cells, suitable for high 
integration. In addition, the semiconductor device of the 
present invention can omit a process for forming a metallic 
layer of 20Qnm or over in thickness consisting of platinum 
and the like as an anti-oxidizing layer, as well as it can 
reduce the total thickness and the aspect ratio of the 
capacitor by thinning the lower electrode layer. It is thus 
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possible for the present invention to obtain a semiconductor 
device provided with f i ned-structured memory cells to be 
formed through a fine-patterned process of submicron 
region, for example, using a gigabit class lithographic 
technology. 

Brief Description of the Invention 

Fig. 1 i I lust rates an oxide dielectric capacitor 
provided with a double- layered conductive oxide layer 
included in its lower electrode layer. 

Fig. 2 illustrates an oxide dielectric capacitor 
provided with a double- layered conductive oxide layer 
formed on a polycrystal I ine silicon layer. 

Fig. 3 illustrates an oxide dielectric capacitor 
provided with a double- layered conductive oxide layer 
formed on an ant i -di f fusion non-oxide conductive layer. 

Fig. 4 illustrates an oxide dielectric capacitor 
provided with a double- 1 aye red conductive oxide layer 
formed on an ant i -di f fusion non-oxide conductive layer 
through a metallic layer. 

Fig. 5 illustrates an oxide dielectric capacitor 
provided with an oxide dielectric layer on a metal lie layer 
stacked on an aluminum titanium nitride layer. 



-54- 



Fig. 6 illustrates an oxide dielectric capacitor 
provided with an oxide dielectric layer on a conductive 
oxide layer stacked on an aluminum titanium nitride layer. 

Fig. 7 illustrates the electrical characteristics of 
the oxide dielectric capacitor formed so as to form a 
double- 1 aye red conductive oxide on a polycrystal I ine 
silicon layer. (a) illustrates the electrode resistance and 
(b) illustrates a polarization hysteresis curve. 

Fig. 8 illustrates the electrical characteristics of 
the oxide dielectric capacitor formed so as to form a 
double- 1 aye red conductive oxide on a nitride layer, (a) 
illustrates the resistance of an electrode including a TiN 
layer and (b) illustrates the resistance of an electrode 
including a TaN layer and (c) illustrates a polarization 
hysteresis curve of a capacitor including a TiN layer. 

Fig.9 illustrates a polarization hysteresis curve of 
an oxide dielectric capacitor formed so as to form a 
double- layered conductive oxide layer on a TiN layer through 
a metal I ic layer. 

Fig. 10 illustrates a compositional range of an 
aluminum titanium nitride, (a) is an x allowance in 
(Ti v x A1 x )o. 5 N 0 .5. (b) indicates the y allowance in (Ti 0 . 6 A 0 . 4 ) 

1-yN y . 

Fig. 11 illustrates a polarization hysteresis curve of 
an oxide dielectric capacitor provided with an aluminum 
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titanium nitride layer. (a) indicates a case that an oxide 
dielectric layer stacked on a metallic layer and (b) 
indicates a case that an oxide dielectric layer is stacked 
on a conductive oxide layer. 

Fig. 12 illustrates a manufacturing process of the 
semiconductor device of the present invention in an 
embodiment. 

Fig. 13 illustrates a manufacturing process of the 
semiconductor device of the present invention in an 
embodiment. 

Fig. 14 illustrates a manufacturing process of the 
semiconductor device of the present invention in an 
embodiment. 

Fig. 15 illustrates manufacturing process of the 
semiconductor device of the present invention up to a 
planar izing process in an embodiment. 

Fig. 16 illustrates a manufacturing process of the 
semiconductor device in which a double- layered conductive 
oxide layer is formed on a polycrystal I ine silicon layer. 

Fig. 17 illustrates a manufacturing process of the 
semiconductor device in which a double- layered conductive 
oxide layer is formed on an ant i -diffusion non-oxide 
conductive layer. 

Fig. 18 illustrates a manufacturing process of the 
semiconductor device in which a double- layered conductive 
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oxide layer is formed on an ant i -diffusion non-oxide 
conductive layer through a metallic layer. 

Fig. 19 illustrates a manufacturing process of the 
semiconductor device which is provided with a aluminum 
titanium nitride layer formed so as to form an oxide 
dielectric layer on a metallic layer. 

Fig. 20 illustrates a manuf acturing process of the 
semiconductor device which is provided with an aluminum 
titanium nitride layer formed so as to form an oxide 
dielectric layer on a conductive oxide layer. Fig. 20 also 
indicates a cross sectional structure of a scribing area of 
a silicon wafer in the eighth embodiment of the present 
invent ion. 

Best mode for Carrying out the Invention 

Hereunder, the preferred embodiments of the present 
invention will be described. How to form a capacitor using 
oxide dielectrics and how to apply the capacitor to an actual 
semiconductor device will be described separately. The 
former way is further described by the conductive material 
selection guideline described above. 
1. How to Form an Oxide Dielectric Capacitor 
1-1 Guideline 1 for selecting conductive materials 

At first, description will be made for the first to 
third preferred embodiments of the present invention with 
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reference to the accompanying drawings if a double- layered 
conductive oxide layer is selected for two conductive oxide 
layers provided between a semiconductor layer and a 
dielectric layer in an electrode of an oxide dielectric 
capacitor suitable for a semiconductor device. 
<Fi rst Embodiment) 

In the first embodiment of the present invention, the 
resistance of the lower electrode layer and the polarization 
hysteresis curve of an oxide ferroelectric capacitor were 
measured with respect to the lower electrode layer 11 formed 
so as to form a conductive oxide layer 14 with oxygen 
deficiency in a doub I e- I ayered conductive oxide layer 12 
shown in Fig. 2 directly on a polycrystal I ine silicon layer 
20. 

At first, an amorphous silicon layer doped with 
phosphorus of 150nm in thickness was formed on a 15mm square 
conductive silicon substrate 10 by the chemical vapor 
deposition. The substrate was then annealed thereby 
obtaining a conductive polycrystal I ine silicon layer 20- 
Then, two types of samples were formed on this substrate. 
One sample was formed as follows; at first, conductive oxide 
layers 14 and 15 were formed through a 2mm square metal mask, 
then they were further shrunken down to a 100 square by 
electron beam lithography. This sample was used for 
measuring the resistance of the object electrode. The other 
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sample was formed as follows; at first, conductive oxide 

layers 14 and 15 were formed on the entire surface of the 

substrate, then an oxide dielectric layer 16 and the upper 

electrode layer 17 were stacked like a pyramid through a 4mm 

square metal mask and another metal mask of 2mm in diameter, 

respectively. Then, the upper electrode layer IT was 

shrunken down to a 10 ^m square by ion milling using a photo 

mask. This sample was used for measuring the 

characteristics of the object capacitor. 

To form the conductive oxide layers 14 and 15, Ir0 2 . 
RuO 2, SrRuO 3 , SrTiO 3 to which La was added by 4 weighty and 
ReO 3 were used (in this embodiment, chemical formulas are 
used to clarify each compound. The description of the oxygen 
deficiency is omitted for convenience s sake). Next, how 
to form each oxide layer will be described. However, the 
methods described here for manufacturing each compound are 
just examples. They may be exchanged by each other. 

The electron beam deposition method was used only for 
forming I r0 2 . At first, the Ir0 2 oxide powder was molded into 
a cylinder shape of 12mm in diameter and 10mm in thickness 
using a pressure die. After this, it was annealed at 1100 °C 
for 2 hours in an oxygen gas flow. This was used as an 
electron beam source. Then, a I rO 2 layer with oxygen 

deficiency was formed under the following conditions: 
temperature of the substrate heater; 600 °C, deposition 
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rate; 2nm/min, and pressure; 0.1 ^Torr. After this, oxygen 
gas was introduced up to a pressure of 70 ^Torr. At the 
same time, the substrate heater was set to 580 °C thereby 

stacking a 50nm I r0 2 layer to obtain a double- layered 
conductive oxide layer 12- 

The conductive oxide layers other than Ir0 2 were formed 
by the RF-magnetron sputtering method using a sintered oxide 
target consisting of the above cation composition. An oxide 
dielectric layer of 5 to 50nm in thickness with oxygen 
deficiency was formed on the following film deposition 
conditions: temperature of the substrate heater; 600 °C, 
incident power; 1.5W/cm 2 , deposition rate; 3nm/min, and 
discharge Ar gas pressure of 3N in purity; 3 mTorr. After 
this, oxygen was introduced at Ar/0 2 =9/1 and the substrate 
heater was set to 580 °C, thereby forming a conductive oxide 
layer so as to form a double- layered conductive oxide layer 
12. 

The oxide dielectric layer 16 was formed using the 
RF-magnetron sputtering method using bismuth titanate 
(Bi 4 Ti 3O12 ). which is one of bismuth layered ferroelectr ics. 
The target was a sintered material represented by the above 
cation composition. The film deposition conditions are as 
follows: temperature of the substrate heater; 600 °C, 
discharge gas/oxygen gas pressure ratio; Ar/0 2 =9/1. total 
pressure; 5 mTorr, incident power; 1.5W/cm 2 , deposition 
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rate; 5nm/min, and thickness; 200nm. The type and 
preparation method of the oxide dielectric layer just 
affected the substantia! physical properties of the 
capacitor. There was recognized no influence on the 
double- layered conductive oxide layer. On the upper 
electrode layer 17 was deposed a gold film of lOOnm in 
thickness using the electron beam deposition method. 

Fig. 7(a) shows the total resistance (vertical axis) 
of the entire lower electrode layer as a function of the 
thickness (horizontal axis) of the conductive oxide layer 
with oxygen deficiency, formed in a non-oxidizing 
atmosphere. The resistance was measured between the 
conductive oxide layer formed in an oxidizing atmosphere and 
the conductive silicon substrate. In any conductive oxide 
electrodes, if the oxygen deficient layer was 5nm in 
thickness, the electrode resistance was very large. Thus, 
it was clear that polycrystal silicon was oxidized, thereby 
increasing the resistance. If the oxygen deficient layer 
was 5 to 10nm in thickness, the resistance dropped sharply 
and the layer was 10nm or over in thickness, then the 
resistance was almost constant. From this result, it was 
clear that the covering ratio of the surface of the 
polycrystal silicon increased and that the oxidization of 
the polycrystal silicon was suppressed. It was because of 
a resistivity difference affected on the conductive oxide 
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layer itself that the electrode resistance depended on the 
type of the oxide electrode. 

The resitivity of a conductive oxide material itself, 
when measured for another single layer film, was only a few 
tens of fxQvm or so for I rO 2 , RuO z , and RuO 3 and as low as 
two or three times of that even in the oxygen deficient film. 
As for SrRuO 3 , if oxygen deficiency was introduced, the 
resitivity increased just within 200 ft Qcm to a few mQcm. 
For SrTiO 3 to which La was added by 4 weight^, the resitivity 
increased within a few hundreds of fi Qcm to a few m ficm. 

These results matched with the tendency shown in Fig. 7(a) 
and indicated that the resitivity did not increase 
remarkably even when the double- layered conductive oxide 
electrode grew adjacent to the pol ycrysta I I i ne silicon. 

Fig. 7(b) shows a polarization hysteresis curve of an 
oxide ferroelectric capacitor that uses oxide electrodes 
when the oxygen deficient layer is 30nm in thickness. There 
is no difference in the hysteresis curve between the types 
of oxide electrodes. As shown clearly in Fig. 7(b), if a 
conductive oxide layer adjacent to pol ycrysta 1 1 i ne silicon 
is formed in a non-oxidizing atmosphere, both oxidation and 
oxygen diffusion are suppressed. It is thus possible to 
prove that a voltage supplied from the substrate can be 
applied effectively to the oxide dielectric layer. 
<Second Embodiment 
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In the second embodiment of the present invention, the 
resistance of the lower electrode layer and the polarization 
hysteresis curve of the oxide ferroelectric capacitor were 
measured with respect to the structure of the lower 
electrode layer 11. In the lower electrode layer 11 provided 
in the double- 1 aye red conductive oxide layer 12 shown in 
Fig. 3, the conductive oxide layer 14 with oxygen deficiency, 
is formed on a conductive nitride layer which functions as 
an ant i -diffusion non-oxide conductive layer 30. 

At first, an amorphous silicon film with a thickness 
of 150nm was formed on the 15mm square conductive silicon 
substrate 10 using the chemical vapor deposition while 
doping phosphorus. Then, the amorphous silicon film was 
annealed thereby to form a conductive polycrysta I I ine 
silicon layer 20. After this, a conductive nitride layer, 
which would function as an anti -di f fusion non-oxide 
conductive layer 30, was formed all over the substrate. On 
this ground layer was formed two types of samples. One 
sample was formed as follows; conductive oxide layers 14 and 
15 were formed through a 2mm square metallic mask, then the 
layers 14 and 15 were shrunken down to a 100 fJ.m square 

respectively by electron beam lithography. The sample was 
used for measuring electrode resistance. The other sample 
was formed as follows; conductive oxide layers 14 and 15 were 
formed all over the surface of the substrate, then an oxide 
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dielectric layer 16 and an upper electrode layer 17 were 
stacked like a pyramid through a 4mm square metallic mask 
and a 2mm diameter metallic mask, respectively, and further 
the upper electrode layer IT was shrunken down to a 10 #m 
square by electron beam lithography. The sample was used 
for measuring capacitor characteristics. 

In this embodiment, TiN and TaN were used as 
conductive nitride layer (ant i -diffusion non-oxide 
conductive layer 30), which will be described below in 
detail. The film deposition method and the obtained results 
were also the same with respect to Zr, Nb, V, and W nitrides. 
A conductive nitride layer was formed using the DC 
sputtering method that used a metal target. The film 
deposition conditions were as follows: temperature of the 
substrate heater; 300 °C, discharge gas/nitrogen gas 
pressure ratio; Ar/N z = 50/50, total pressure; 4 mTorr, 
incident power; 400W, and film thickness: 40nm. The RF- 
magnetron sputtering method can also be used for forming the 
conductive nitride layer. The method may use a nitride 
target instead of the metallic target. After the film 
deposition, an annealing treatment was applied to the sample 
so as to accelerate crystallization using the rapid thermal 
annealing method at 800 °C for two minutes in an ammonia gas 
atmosphere. 
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For the conduct i ve oxide layers 14 and 15, compounds 
of Ir0 2 , Ru0 2 , SrRuO 3 , CaRuO 3 and Re0 3 vnere used respectively. 
(Chemical formula were just used to clarify each compound 
here. The description of the amount of oxygen deficiency 
was omitted for the convenience s sake.) Each oxide layer 
was formed as follows. Each deposition method described 
here was just an example. The deposition method could also 
be replaced with another. 

The compound I rO 2 were formed in a weak oxidizing 
atmosphere using the RF-magnetron sputtering method. The 
target was a sintered oxide one. The film deposition 
conditions were as follows: temperature of the substrate 
heater; 600 °C, incident power; 1.5W/cm 2 , discharge gas; Ar 
gas of 3N in purity and 3 mTorr in pressure, and weak 

oxidizing gas; N 2 0 gas of Ar/N 2 0=100/1 in flow ratio. Under 
those conditions, a conductive oxide layer with oxygen 
deficiency was formed with a film thickness of 5 to 50nm. 
Then, the gas flow ratio was lowered to Ar/N 2 0=9/1, as well 
as the total pressure was set to 5 mTorr and the temperature 
of the substrate heater was set to 580 °C to form a 50nm 

conductive oxide layer, thereby forming a double- layered 
conductive oxide layer 12. 

SrRuO 3 and CaRuO 3 were formed in an Ar gas atmosphere 
using the RF-magnetron sputtering method that used a 
sintered oxide target. The film deposition conditions were 
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as follows: temperature of the substrate heater; 600 °C, 
incident power; 1.5W/cm 2 , and discharge gas; Ar gas of 3N 
in purity and 3 mTorr in pressure. Under those conditions, 
a conductive oxide layer with oxygen deficiency was formed 
with a film thickness of 5 to 50nm. Then, oxygen was 
introduced at a gas flow ratio of Ar/0 2 =9/1, as well as the 
total pressure was set to 5 mTorr and the temperature of the 
substrate heater was set to 580 °C to form a 50nm conductive 
oxide layer, thereby forming a double- layered conductive 
oxide layer 12. 

RuO 2 and ReO 3 were formed in a weak oxidizing 
atmosphere using the reactive evaporation method. A metal 
block was used as the evaporation source. The film 
deposition conditions were as follows: temperature of the 
substrate heater; 600 °C, deposition rate; 1 nm/min, and 
oxygen pressure; 5 /^Torr. Under those conditions, an 
oxygen deficient layer was formed with a thickness of 5 to 
50nm, then oxygen was introduced at a pressure up to 70 fJ. 
Torr, as well as the temperature of the substrate heater was 
lowered to 580 °C thereby to stack the 50nm thick RuO 2 and 
Re0 3 layers, so that a double- layered conductive oxide layer 
12 was formed. 

For the oxide dielectric laye r 16, lead zirconate 
titanate [ Pb(Zr 0 .5 Ti 0.5 )0 3] was used. The RF-magnetron 
sputtering method was used to form the layer 16. The target 
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was a sintered one represented by the above cat ionic 
composition. The film deposition conditions were as 
follows: temperature of the substrate heater; 600 °C, 
discharge gas/oxygen gas pressure ratio; Ar/0 2 = 9/1, total 
pressure; 5 mTorr, incident power; 1.5W/cm 2 , deposition 
rate; 5 nm/min, and film thickness; 200nm. The type and film 
deposition method of the oxide dielectric layer affected 
only the substantial physical characteristics of the 
capacitor and did not affect the double- layered conductive 
oxide film. The upper electrode layer 17 was formed with 
the same conductive oxide as that of the lower electrode 
layer in an oxidizing atmosphere using the RF-magnetron 
sputtering method. The film thickness was 80nm. 

TiN ((a) in Fig. 8) and TaN ((b) in Fig. 8) were used 
respectively for forming the ant i -diffusion non-oxide 
conductive layer 30. The resistance (vertical axis) of the 
entire lower electrode layer was shown as a function of the 
thickness (horizontal axis) of the oxygen deficient layer. 
The resistance was measured between the conductive oxide 
layer formed in an oxidizing atmosphere and the conductive 
silicon substrate. The resistance depended on the thickness 
of the oxygen deficient layer in the same way as the above 
regardless of the type, deposition method, and deposition 
conditions of the nitride layer and the conductive oxide 
electrode. The electrode resistance was significantly high 
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when the oxygen deficient layer was 5nm in thickness. This 

was because the interface was oxidized, thereby the 

resistance was increased when the coating ratio of the 

nitride layer surface was small and a conductive oxide layer 

was formed in the subsequent oxidizing atmosphere. The 

resistance was reduced sharply as the thickness was between 

5nm and lOnm and almost constant at 10nm or over. This was 

because the coating rate of the nitride layer surface was 

increased, thereby the oxidization of the phase boundary was 

suppressed. The reason why the resistance was high when 

using CaRuO 3 for an oxide electrode was an increase of the 

contact resistance at the electrode interface. This was 

confirmed using the X ray diffraction method. As for an 

electrode including I rO 2 , RuO 2 , and ReO 3 layers formed in 

weak-oxidizing atmosphere, the resistance was slightly 

larger than that of an electrode including SrRuO 3 formed in 

the Ar gas. In any compounds, it was clear that the 

resistance was kept low enough to be used for the object 

electrode layer. The resistivity of a conductive oxide 

material itself was as described in the first embodiment of 

the present invention when measured for the respective 

single layer film of I rO z , RuO 2 , ReO 3 , SrRuO 3 , and SrTiO 3 

obtained by adding La by 4 weight! The resistivity of the 

CaRuO 3l when the film was formed in a non-oxidizing 

atmosphere, increased up to a little less than several 
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hundreds of /zQcm to 10 mQcm. These results coincide with 

the tendency shown in Fig. 8(a), indicating that the 

resistance did not increase so much even when the 

double- layered conductive oxide electrodes grew in adjacent 

to the ant i -di f fusion non-oxide conductive layer 30. 

Fig. 8(c) shows a polarization hysteresis curve of an 
oxide ferroelectric capacitor when the oxygen deficient 
layer is 10nm in thickness in a case that TiN is used as a 
nitride layer. For an electrode that includes a CaruO 3 
layer, the hysteresis curve is opened to the horizontal axis 
more than those of other electrodes. This seems to be 
because of the decomposed CaO cames the distribution in the 
electric field which is applied to dielectrics. However, 
there is no problem, since characteristics are good enough 
for the capacitor. As shown in Fig. 8(c) clearly, it is 
proved that if a conductive oxide layer is formed adjacent 
to a nitride layer in a non-oxidizing atmosphere, both 
oxidation and oxygen diffusion are suppressed, thereby a 
voltage can be applied to the oxide dielectric layer 
effectively from the substrate. The same hysteresis curve 
as that shown in Fig. 8(c) was also obtained for the TaN 
layer. 

<Thi rd Embodiment) 

In the third embodiment of the present invention, the 
polarization hysteresis curve for an oxide ferroelectric 
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capacitor was measured with respect to the structure of the 

lower electrode layer 11, in which the conductive oxide 

layer 14 with oxygen deficiency is formed on an anti- 

diffusion non-oxide conductive layer 30 via metallic layer 

40. The layer 14 is provided in the double- layered 

conductive oxide layer 12 shown in Fig. 4. 

The shapes and film deposition methods of the 
substrate 10, the polycrystal I ine silicon layer 20, a TiN 
layer or the anti-diffusion non-oxide conductive layer 30, 
as well as the oxide dielectric layer 16 and the upper 
electrode layer 17 are the same as those in the first and 
second embodiments described above. It is not essential to 
select the materials of the oxide dielectric layer and the 
upper electrode layer, however in the embodiments of the 
present invention. 

The TiN layer was formed with a thickness of 40nm in 
accordance with the method of the second embodiment. The 
TiN layer was used as an ant i -di f fusion non-oxide conductive 
layer 30. The same results were also obtained for other 
nitrides listed in the above second embodiment. 

In this embodiment, platinum was used for the metallic 
layer 40. The same effect was also found when iridium and 
ruthenium, which are the same nobles metals as platinum, 
were used. The DC sputtering method was used for forming 
the metallic layer on the following conditions: Incident 
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power; 400W, discharge gas; Ar, gas pressure; 20 mTorr, and 
temperature of the substrate heater: 500 °C. The metallic 
layer 40 was thus formed with a thickness of 20nm on the whole 
area of ant i -di f fusion non-oxide conductive layer 30. 

Ir0 2 , RuO z , SrRuO 3 , and SrTiO 3 to which La was added 
by4weight% were used for forming the conductive oxide layer 
using the RF-magnet ron sputtering method in a weak oxidizing 
atmosphere. The targets were a sintered oxide one 
respectively. The film deposition conditions were as 
follows: temperature of the substrate heater; 600 °C, 
incident power; 1.5W/cm 2 , discharge gas; Ar gas of 3N in 
purity and 3 mTorr in pressure, and weak oxidizing gas; N 2 0 
gas of Ar/N 2 O=100/1 in flow ratio. Under these conditions, 
the conductive oxide layer 14 with oxygen deficient layer 
of 10nm in thickness was formed. Then, the gas flow ratio 
was lowered to Ar/N 2 0=9/1, as well as the total pressure was 
set to 5 mTorr and the substrate heater was set to 580 °C to 
form a 50nm thick conductive oxide layer 15, thereby forming 
a double- 1 aye red conductive oxide layer 12. 

Fig. 9 shows a polarization hysteresis curve of an 

oxide ferroelectric capacitor with respect to each 
conductor oxide. Regardless of the oxygen deficient layer 
type, the hysteresis curve was an opened one with high 
symmetry. Even when the metallic layer was as thin as 20nm 
and a conductor oxide layer adjacent to this metallic layer 
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was formed in a weak oxidizing atmosphere, the oxygen 
deficient layer included in the conductive oxide layer was 
found to be effective for suppressing oxidation and oxygen 
diffusion, thereby a voltage could be applied effectively 
to the oxide dielectric layer from the substrate. 

As described above in each of the embodim ents of the 
present invention, a conductive oxide layer with oxygen 
deficiency was formed in a non-oxidizing atmosphere, which 
is one of the characteristics of the present invention, 
thereby forming a double- layered conductive oxide layer. 
Consequently, the lower electrode layer and the oxide 
dielectric layer could be formed without oxidizing the 
polycrystal I ine silicon (the first embodiment of the 
present invention) adjacent to the double- 1 aye red 
conductive oxide layer, the ant i -di f fusion non-oxide 
conductive layer consisting of an nitrides, etc. adjacent 
to the double- layered conductive oxide layer, as well as the 
ant i -diffusion non-oxide conductive layer (the second 
embodiment of the present invention) adjacent to the 
double- layered conductive oxide layer through a metallic 
layer. Consequently, it was possible to reduce the 
interfacial resistance and contact resistance of each 
electrode, thereby forming an oxide dielectric capacitor 
suitable for high integration. 

1-2 Guideline 2 for Selecting Conductive Materials 
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Hereunder, description will be made for how to select 
an aluminum titanium nitride layer at the side of the 
semiconductor and an ant i -oxidization metallic layer at the 
side of the dielectrics of the two conductive material 
layers provided between a semiconductor layer and a 
dielectric layer in the electrode of an oxide dielectric 
capacitor suitable for a semiconductor device. The 
accompanying drawings will be referenced for describing the 
fourth and fifth embodiments of the present invention. 
< Fourth Embodiment 

In the fourth embodiment of the present invention, the 
allowable contents of both aluminum and nitrogen were 
checked in an aluminum titanium layer with respect to the 
phase uniformity, low resistivity, and resistance to 
oxidation. The phase uniformity and the resistance to 
oxidation were checked by the X ray diffraction method and 
the resistivity was measured using the DC four-point prove 
method. 

At first, an aluminum titanium nitride [(Ti i- x A1 x )i- y N y ] 
film was formed on a conductive silicon substrate using the 
DC sputtering method. A natural oxidized film was already 
removed from the substrate before this deposition. The 
target was a composite one obtained by spreading aluminum 
and titanium metallic plates in a mosaic fashion all over 
an aluminum metal plate. The aluminum content x was adjusted 
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according to the area ratio of both metallic plates. The 
nitrogen content y was adjusted by changing the argon 
discharge gas/nitrogen gas flow ratio within the range of 
95/5 to 5/95. The substrate heater was set to 550 °C. Other 
film deposition conditions were as follows: Incident power; 
400W, total gas pressure; 5 to 20 mTorr, growth rate; 5 to 
10 nm/min, and film thickness; 50nm. The aluminum content 
x was analyzed and determined using the I CPS method 
(Inductively-Coupled Plasma Spectroscopy) and the nitrogen 
content y was analyzed and determined using the RBS 
(Rutherford Back Scattering) method that uses He+ ions. 

Fig. 10(a) shows both reaction products and 
resistivity of a sample whose nitrogen content y is 0.5 as 
a function of the aluminum content x. As a result of X ray 
diffraction, only a diffraction line assignable to TiN was 
observed when x was 0.6 or below. If x exceeded 0.6, however, 
a mixed phase with a phase assignable to A1N was observed. 
As the x value increased, the TiN phase disappeared and the 
A1N phase increased. The resistivity increased a little as 
the x value increased. The resistivity increased sharply 
around 0-5. Fig. 10(b) shows both reaction products and 
resistivity of a sample whose aluminum content X is 0.4 as 
a function of the nitrogen content y. As a result of X ray 
diffraction, diffraction lines other than TiN were observed 
if the y value was smaller than 0.2 or exceeded 0.6. The 
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resistivity was checked only for the nitrogen content whose 

y value was 0-2 to 0.6 (included). For this nitrogen 

content, a single phase was observed in the X ray diffraction 

pattern. The resistivity increased as the y value 

increased. And, the resistivity increased sharply around 

0.6 of the y value. Usually, an effect of the impurity phase 

is observed in the resistivity more than in X ray 

diffraction. Thus, the threshold values of both x and y to 

be determined by a resistivity seems to be narrowed. 

Next, a platinum layer with a thickness of 30nm was 
formed by the DC sputtering method on the aluminum titanium 
layer formed above. The film deposition conditions were as 
follows: Incident power; 400W, discharge gas; Argon gas, gas 
pressure; 20 mTorr, and deposition temperature; 500 °C. On 
the platinum layer was stacked an oxide dielectric layer 
[Pb(Zr 0.5 Ti 0.5)03] with a thickness of lOOnrn, using RF- 
magnetron sputtering. The film deposition conditions were 
as follows: temperature of the substrate heater; 300 °C, 
incident power; 1.5W/cm 2 , deposition rate; 3 nm/min, 
discharge Ar gas/oxygen gas fow ratio; 90/10, and pressure; 
5 mTorr. After the lOOnrn thick oxide dielectric layer was 
formed, rapid thermal annealing was applied to the layer at 
650 °C for 2 minutes in an oxygen flow, thereby to accelerate 
the crystallization of the layer. 
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Finally, the oxide dielectric layer, after it was 
formed once, was removed completely in a dry etching 
process, thereby exposing the platinum layer again. An X 
ray diffraction measurement was made for this sample to 
check if the aluminum titanium nitride [(Ti i- x A I x )i- y N y 3 layer 
was oxidized and changed in quality by the formed oxide 
dielectric layer. Fig. 10 also shows this result. As shown 
in Fig. 10(a), it was confirmed that the oxide layer was 
oxidized, thereby Ti0 2 was formed when the aluminum content 
x was smaller than 0.2. And, as shown in Fig. 10(b), Ti0 2 
was also observed when the nitrogen content y was smaller 
than 0.4. 

The above threshold values remained the same even when 
both aluminum and nitrogen contents x and y were fixed at 
another value respectively. 

The above threshold values also remained the same 
substantially even when platinum was replaced with any of 
iridium, ruthenium, and rhenium for forming the metallic 
layer. And, the aluminum titanium nitride layer for 
preventing oxygen diffusion and oxidation was also 
effective to other oxide dielectrics, for example, lead 

zirconate titanate having a different titanium/zirconium 
ratio, lead barium zirconate titanate, bar ium stront ium 
titanate, and bismuth ferroelectr ics. 
< F i f th Embodiment 
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In the fifth embodiment of the present invention, the 
polarization hysteresis curve of an oxide dielectric 
capacitor including an aluminum titanium nitride layer for 
preventing oxygen diffusion and oxidation was measured. 

For the sample (a), an oxide dielectric layer was 
stacked directly on the platinum layer of 30nm in 
thickness/aluminum titanium nitride layer of 50nm in 
thickness/conduct ive silicon substrate described in the 
fourth embodiment of the present invention. For the sample 
(b), an oxide dielectric layer was stacked on the above layer 
through a conductive oxide layer. 

A RuO 2 layer of 50nm in thickness was formed as the 
conductive oxide layer using the RF-magnetron sputtering 
method. The target was an Ru metal one. The film deposition 
conditions were as follows: temperature of the substrate 
heater; 500 °C, incident power; 1. 5W/cm 2 , deposition rate; 
3 nm/min, discharge Ar gas/oxygen gas flow ratio; 50/50, and 
pressure; 7 mTorr. 

Lead zirconate titanate [ Pb(Zr 0 .5 Ti 0.5 )0 3 ] layer of 
100nm in thickness was formed as the oxide dielectric layer 
using the so I -gel method. Sol was a solution obtained by 
making lead acetate, titanium isopropoxide and zi rconium 

isopropoxide react to each other in methoxy ethanol. This 
solution was coated on the platinum layer [sample (a)] or 
on the conductive oxide layer [sample (b)], then rapid 
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thermal annealing was applied to each sample at 650 °C for 
two minutes in an oxidizing atmosphere, thereby 
crystallizing the sample. 

A 2mm diameter platinum layer was formed as the upper 
electrode layer through a metallic mask using the DC 
sputtering method. 

Fig. 11 shows a polarization hysteresis curve appeared 
and measured when a voltage was applied to between the upper 
electrode layer and the conductive silicon substrate. For 
both samples (a) and (b), good hysteresis curves were 

obtained. Even when the platinum layer put therebetween was 
as thin as 30nm, the aluminum titanium nitride layer 
functioned effectively to prevent oxygen diffusion and 
oxidation. It was thus confirmed that the object capacitor 
operation was satisfactory with a voltage supplied from the 
substrate. 

To select the materials of a conductive oxide layer 
and an oxide dielectric layer is not essential in the 
embodiments of the present invention. For example, any of 
the conductive oxides of I rO 2 , SrRuO 3 , and ReO 3 can be used 
to obtain the same effect. In addition, any of lead 
zirconate titanate [ Pb(Zr x Ti 1 - x )0 3 ] with X other 0.5, 
strontium barium titanate [(Ba x Sr ^ )TiO 3 (x=0 to 1)], lead 
barium zironate titanate, and bismuth layered 
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ferroelectr ics can be used to form the object capacitor in 
the same way. 

As described in each of the embodiments of the present 
invention, if an aluminum titanium nitride layer for 
preventing oxygen diffusion and oxidation, which is one of 
the characteristics of the present invention, was formed, 
then the lower electrode layer and the oxide dielectric 
layer could be formed without oxidizing the nitride layer 
even when adjacent metallic layers including the platinum 
one were thinned down to 30nm. Consequently, the 
interfacial resistance and the contact resistance of each 
electrode, as well as the capacitor aspect ratio could be 
reduced, thereby forming an oxide dielectric capacitor 
suitable for high integration. 

2. How to Form a Semiconductor Device Provided with a 
Dielectric Capaci tor 

Next, description will be made for how an oxide 
dielectric capacitor of the present invention is used in a 
semiconductor device. A MOS transistor formed on a silicon 
substrate will be picked up as an example for the description 
with reference to the accompanying drawings with respect to 
the sixth to tenth embodiments of the present invention to 
be described below. The sixth to eight and ninth to tenth 
embodiments are based on the guideline 1 and 2 for selecting 
conductive materials respectively as described above. 
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<Sixth Embodiment) 

In this sixth embodiment of the present invention, 
description will be made at first for the pre-process up to 
the forming of an oxide dielectric capacitor with respect 
to the manufacturing method of a semiconductor device. 

At first, description will be made for how to form a 
YOS transistor on a silicon substrate, then how to planarize 
the surface of the substrate once and finally for how to form 
a polycrystal I ine silicon plug used to connect the capacitor 
electrode electrically to the MOS transistor. The series 
of manufacturing processes will be described sequentially 
with reference to Figs. 12 to 15. 

As shown in Fig. 12, a switch ing transistor is formed 
in an existing MOSFET integrating process. 121 is a p-type 
semiconductor substrate, 122 is an isolating insulator 
between devices, 123 is agate oxide film, 124 is a word line 
used as a gate electrode, and 125 and 126 are n-type impurity 
diffusion layers in which phosphorus is doped respectively. 

127 is passivation layer consisting of SiO 2 - Next, the 
surface is covered completely with a 50nm thick Si0 2 layer 

128 by the chemical vapor deposition. After this, the 

surface is covered once with a 600nm thick Si 3 N 4 layer 129, 
then this Si 3 N 4 layer 129 is etched as deep as the deposited 
film thickness, thereby filling the insulator between word 
lines. The structure is thus formed as shown in Fig. 12. The 
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S i 0 2 layer 128 is an under layer for producing the bit lines 
in a subsequent process and used to prevent exposed surface 
of the substrate, as well as damaged isolating insulator 122 
between elements. 

Fig. 13 shows the next process. The Si 3 N 4 portion where 
a bit line to be formed later will come in contact with the 
n-type impurity diffusion layer 125 on the surface of the 
substrate, as well as the Si 3 N 4 portion where a capacitor 
electrode to be formed later will come in contact with the 
n-type impurity diffusion layer 126 on the surface of the 
substrate are processed respectively so as to be perforated 
with holes using the photo- I i thography method and the dry 
etching method. After this, amorphous s i I i con including 
n-type impurity is deposited with a thickness of 600nm all 
over the portion including the holes, then annealed so as 
to be crystallized. The polycrysta I I i ne silicon is then 
etched as deep as the film thickness, so as to be structured 
as shown in Fig. 13. Consequently, the holes are filled with 
polycrystal I ine silicon 131 and 132. 

Fig. 14 shows the next process for forming a bit line. 
At first, the entire surface is covered with the SiO 2 
insulator 141 using the chemical vapor deposition. Then, 
the SiO 2 insulator positioned above the polycrystal I ine 
silicon 131 is perforated with holes using both photo- 
lithography method and dry etching method so that the bit 
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line to be formed later are connected to the n-type impurity 
diffusion layer 125 electrically. After this, metallic 
silicide to become a bit line later, as well as a 
polycrystal I ine silicon layer (142) are formed all over 
these holes. And, on the layer 142 is deposited an Si0 2 layer 
143 with a thickness of 200nm. The Si 0 2 layer 143, the 

metallic silicide, and the polycrystal I ine si I icon layer 
142 are then patterned using both photo- 1 i thography and 
dry-etching methods, thereby forming a bit line 142 and an 
SiO 2 layer 143. Then, to insulate the side wall of the bit 
line 142, Si 3 N 4 is deposited with a thickness of 150nm using 
the chemical vapor deposition, then etched using the 
dry-etching method, thereby forming an Si 3 N 4 side wall 

spacer 144. Finally, the SiO 2 insulator 141 positioned 
above the polycrystal 1 ine silicon 132 is treated using both 
photo- I i thography and dry-etching methods, thereby making 
holes. These holes are used to connect a capacitor electrode 
to be formed later to the n-type impurity diffusion layer 
126 electrical I y. 

Fig. 15 shows the process for planarizing the surface 
of the substrate and forming a conductive polycrystal I ine 
silicon plug before the object capacitor is formed. At 
first, an insulator 151 is deposited on the substrate with 
a thickness enough to planarize the surface of the 
substrate. In this embodiment of the present invention, z 
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500nm thick boron phosphorus silicate glass (BPSG) is used, 

but another silicon oxide film may be used instead of the 

BPSG. The glass is planarized by chemical mechanical 

polishing. The surface of the substrate can also be covered 

by SiO 2 using the chemical vapor deposition, then etched 

back to planarize the surface. Next, the photo- I ithography 

and the dry etching method are applied to the insulator 151 

positioned above the n-type impurity diffusion layer 126, 

thereby making contact holes. After this, phosphorus-doped 

amorphous silicon is deposited all over the surface 

including these holes with a thickness of 200nm using the 

chemical vapor deposition, then annealed to crystallize the 

surface. The surface is then etched back using the dry 

etching method, thereby forming each polycrystal I ine 

si I icon plug 152 f i I led with polycrystal I ine si I icon. 

This completes the pre-process for forming the oxide 
dielectric capacitor. 

Next, description will be made for respective 
processes for forming an oxide dielectric capacitor 
including a double- layered conductive oxide later on the 
substrate for which a MOS transistor and a polycrysta I I ine 
silicon plug are already formed. In this embodiment, the 
lower electrode takes a structure in which a conductive 
oxide layer with oxygen deficiency is formed directly on the 
polycrystal I ine silicon shown in Fig. 2- 
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At first, as shown in Fig. 16, a 10nm thick conductive 
oxide layer 161 (RuO 2 ) with oxygen deficiency is formed in 
an Ar atmosphere using the RF-magnetron sputtering method 
as described in detail in the first embodiment of the present 
invention. Then, oxygen is introduced at a gas flow ratio 
up to Ar/0 2=9/1, as well as the total pressure is increased, 
thereby stacking a 50nm thick conductive oxide layer 162 so 
as to form a double- layered conductive oxide layer (161 and 
162). After this, the layer (161 and 612) was covered with 
a 50nm thick W film using the DC sputtering method. Then, 
a photo resist masking pattern was transferred onto the 
surface of the layer (161 and 162) using the dry etching 
method. This transferred pattern was used as a mask to 
pattern the double- layered conductive oxide layer (161 and 
162) using the sputtering etching method. Then, the 
transferred mask was removed by etching and an oxide 
dielectric layer 163 was formed. In the embodiments of the 
present invention, lead zirconate titanate [Pb(Zr 0 . 5 Ti 0 5 )0 3 ] 
was used as oxide dielectrics. The deposition method was 
as described in detail in the second and third embodiments 
of the present invention. The film thickness was lOOnm. 
Finally, a platinum cell plate electrode 164 was formed to 
complete the object memory cell capacitor. 

The polarization hysteresis characteristics of the 
oxide ferroelectric capacitor (sample) were measured by 
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changing the capacitor area from 0-2 to 25 //m 2 . As a result, 
a satisfactory hysteresis curve was obtained, enabling a 
voltage to be supplied to the oxide dielectric layer from 
the polycrystal I ine silicon plug 152 in any cases. 

In the embodiments of the present invention, it is not 
essential whether to select an oxide dielectric layer. Any 
of lead zirconate titanate [Pb(Zr x Ti Vx )0 3 ] wi th y other than 
0.5, strontium barium titanate [(Ba x Sr Vx )TiO 3 (x=0 to 1)], 
lead barium zironate titanate, and bismuth layered 
ferroelectr ics can be used to form memory cells in the same 
way. In addition, the same effect could be obtained for the 
conductive oxide layer using any of the compounds described 
in the first embodiment of the present invention. 
<Seventh Embodiment 

In this seventh embodiment of the present invention, 
description will be made for a process for forming an oxide 
dielectric capacitor on a substrate after finishing the 
processes from forming a MOS transistor up to forming a 
polycrystal I ine silicon plug as described in detail in the 
sixth embodiment of the present invention. The capacitor 
includes a double- 1 aye red conductive oxide layer formed on 
an ant i -diffusion non-oxide conductive layer as shown in 
Fig. 3. 

At first, as shown in Fig. 17, an anti-diffusion oxide 
conductive layer 171 is formed. In this embodiment, TiN is 
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used for the ant i -di f fusion non-oxide conductive layer and 
such an example will be described in detail. However, note 
that the same effect was also obtained for the semiconductor 
device of the present invention when any of the nitrides of 
Ta, Zr, Nb, V, and W was used. The nitride layer, as 
described in detail in the second embodiment of the present 
invention, was formed using the DC sputtering method that 
used a metallic target. The film thickness was 40nm. After 
the film deposition, the sample was annealed at 800 °C for 
two minutes in an ammonia gas atmosphere using the rapid 
thermal annealing method, thereby accelerating the 
crystallization of the film. 

Next, an SrRuO 3 layer was formed in a weak oxidizing 
atmosphere using the RF-magnetron sputtering method. The 
layer was used as a double- 1 aye red conductive oxide layer. 
The same effect can be obtained even with the film deposition 
in an Ar gas atmosphere. Then, a conductive oxide layer 161 
(SrRuO 3 ) with a 10nm thick oxygen deficient layer was formed 
at a gas flow ratio of Ar/0 2 =100/1, then the gas flow ratio 
was lowered to Ar0 2 =9/1 thereby stacking a 50nm conductive 
oxide layer 162 so as to form the double- layered conductive 
oxide layer (161 and 162). The film deposition conditions 
including the temperature were the same as those in the 
second embodiment of the present invention described above. 
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Next, the above layers were covered with a 50nm Wfilm 
and a photo-resist masking pattern was transferred to the 
W film using the dry etching method. This transferred 
pattern was used as a mask for patterning the double- layered 
conductive oxide layer (161 and 162), as well as the 
ant i -diffusion non-oxidizing conductive layer 171 through 
sputter-etching. The transferred mask was then removed and 
an oxide dielectric layer 163 was formed. In the embodiments 
of the present invention, lead zirconate titanate 

[Pb(Zr o. 5 Ti 0 . 5 )0 3 ] was used as oxide dielectrics. The film 
deposition method was the same as those described in the 
second and third embodiments of the present invention in 
detail. The film thickness was 100nm. Finally, a platinum 
electrode 164 was formed to complete the object capacitor 
of a memory eel I. 

The sample was then measured with respect to the 
polarization hysteresis characteristics of this oxide 
ferroelectric capacitor by changing the capacitor area from 
0.2 to 25 fjtm 2 . As a result, it was found in any cases that 
a voltage could be supplied from the polycrystal silicon 

plug 152 to the oxide dielectric layer so as to obtain a 
satisfactory hysteresis curve. 

In the embodiments of the present invention, it is not 
essential whether to select an oxide dielectric layer. Any 
of lead zirconate titanate [Pb(Zr x Ti ^ )0 3 ] with x other than 
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0.5, strontium barium titanate [(Ba x Sr ^ )TiO 3 (x=0 to 1)], 
lead barium zironate titanate, and bismuth layered 
ferroelectr ics can be used to form memory cells. The same 
effect could also be obtained using any of the compounds, 
I rO 2 , RuO 2 , CaRuO 3 , SrTiO 3 to which La is added, and ReO 3 for 
the conductive oxide layer as described in the first to this 
embodiments of the present invention. 
<E i ghth Embodiment) 

In this eighth embodiment of the present invention, 
description will be made for a process for forming an oxide 
dielectric capacitor on a substrate after finishing the 
processes from forming of a MOS transistor up to forming of 
a polycrystal I ine silicon plug as described in detail in the 
sixth embodiment of the present invention. The capacitor 
includes a double- layered conductive oxide layer formed on 
an ant i -diffusion non-oxide conductive layer through a 
metallic layer as shown in Fig. 4. 

At first, as shown in Fig. 18, an ant i -diffusion oxide 
conductive layer 171 is formed. In this embodiment, TiN is 
used for the ant i -di f fusion non-oxide conductive layer and 
such an example will be described below. However, note that 
the same effect was also obtained for the semiconductor 
device of the present invention when any of the nitrides of 
Ta, Zr, Nb, V, and W was used. The TiN layer was formed as 
described in detail in the seventh embodiment of the present 



invention. On this layer was further formed a 20nm thick 
metallic layer 181 using the DC sputtering method. Although 
platinum was used in this embodiment, it was confirmed that 
the same effect was also obtained with the use of iridium 
and ruthenium. The film deposition conditions for the 
metallic layer were the same as those in the third embodiment 
of the present invention. 

Next, an I rO 2 layer was formed in a weak oxidizing 
atmosphere using the RF-magnetron sputtering method. The 
layer was used as a double- layered conductive oxide layer. 
Of course, the same effect was obtained even with the film 
deposition in an Ar gas atmosphere. Then, a 10nm conductive 
oxide layer 161 (Ir0 2 ) with oxygen deficiency was formed at 
a gas flow ratio of Ar/0 2 =1 00/1 , then the gas flow ratio was 
lowered to Ar0 2 =9/1 so as to stack a 50nm conductive oxide 
layer 162(lr0 2 )> thereby forming a double- layered 
conductive oxide layer (161 and 162). The film deposition 
conditions including the temperature were the same as those 
in the third embodiment of the present invention described 
above. 

Next, the above layer was covered with a 50nm W film 
and a photo- resist masking pattern was transferred to the 
W film using the dry etching method. As this transferred 
pattern mask was used for patterning the doubl e- I ayered 
conductive oxide layers 161 and 162 and metallic layer 181, 
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as well as the ant i -diffusion non-oxidizing conductive 

layer 171 through sputter-etching. The transferred mask was 

then removed and an oxide dielectric layer 163 was formed. 

In the embodiments of the present invention, lead zirconate 

titanate [ Pb(Zr 0 . 5 Ti 0 . 5 )0 3 ] was used as oxide dielectrics. 

The film deposition method was the same as those described 

in the second and third embodiments of the present invention 

in detail. The film thickness was 100nm. Finally, a 

platinum cell plate electrode 164 was formed to complete the 

object capacitor of a memory cell. 

The sample was then measured with respect to the 
polarization hysteresis characteristics of this oxide 
ferroelectric capacitor by changing the capacitor area from 
0.2 to 25 /nm 2 . As a result, it was found in any cases that 
a voltage could be supplied from the polycrystal silicon 

plug 152 to the oxide dielectric layer so as to obtain a 
satisfactory hysteresis curve. 

In the embodiments of the present invention, it is not 
essential whether to select an oxide dielectric layer. Any 
of lead zirconate titanate [Pb(Zr x Ti ^ )0 3 ] wi th X other than 
0.5, strontium barium titanate [(Ba x Sr Vx )TiO 3 (x=0 to 1)], 
lead barium zironate titanate, and bismuth layered 
ferroelectr ics can be used to form memory cells in the same 
way. The same effect could also be obtained using any of 
the compounds, RuO 2 , SrRuO 3 , CaRuO 3 , SrTiO 3 to which La is 
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added, and ReO 3 as described in the first to third 
embodiments of the present invention for the conductive 
oxide layer. 
<Ninth Embodiment) 

In this ninth embodiment of the present invention, 
description will be made for a process for forming an oxide 
dielectric capacitor on a substrate after finishing the 
processes from forming of a MOS transistor up to forming of 
a polycrysta 1 1 ine silicon plug as described in detail in the 
sixth embodiment of the present invention. The capacitor 
includes an aluminum titanium nitride layer for preventing 
oxygen diffusion and oxidation. In this embodiment, the 
lower electrode layer takes a structure in which a metallic 
layer and an oxide dielectric layer are stacked sequentially 
on the aluminum titanium nitride shown in Fig. 5. 

At first, as shown in Fig. 19, an aluminum titanium 
nitride [(Ti 0 7 A1 0 . 3 ) 0 . 5 N 0 . 5 1 layer 191 was formed using the 
RF-magnetron sputtering method. The target was a composite 
one obtained by putting a proper amount of aluminum nitride 
plate on a titanium nitride plate. The film deposition 
conditions were as follows: temperature of the substrate 
heater; 550 °C, incident power; 400W, total gas pressure; 8 
mTorr, argon discharge gas/nitrogen gas flow ratio; 90/10, 
deposition rate; 10 nm/min, and film thickness; 50nm. The 
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same effect to be described below was also obtained using 
another aluminum or nitrogen content described in Fig. 5. 

On this layer was further formed a 30nm thick metallic 
layer 181 using the DC sputtering method. Although platinum 
was used in this embodiment, it was confirmed that the same 
effect was also obtained with the use of iridium and 
ruthenium. The film deposition conditions for the metallic 
layer were the same as those in the fourth embodiment of the 
present invention. 

Next, the layer formed above was covered with a 50nm 
W film and a photo-resist masking pattern was transferred 
to the W film using the dry etching method. Using this 
transferred pattern as a mask, the aluminum titanium nitride 
layer 191 and the metallic layer 182 were patterned through 
sputter-etching. The transferred mask was then removed and 
an oxide dielectric layer 163 was formed. In the embodiments 
of the present invention, lead zirconate titanate 

[Pb(Zr 0 , 5 Ti 0.5 )0 3 ] was used as oxide dielectrics. The film 
deposition method was the so I -gel method as described in the 
fifth embodiment of the present invention in detail. The 
film thickness was lOOnrn. Finally, a platinum electrode 164 
was formed and patterned to complete the object capacitor 
of a memory eel I. 

The sample was then measure d with respect to the 
polarization hysteresis characteristics of this oxide 
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ferroetectr ic capacitor by changing the capacitor area from 
0-2 to 25 #m 2 . As a result, it was found in any cases that 
a voltage could be supplied from the polycrystal silicon 

plug 152 so as to obtain a satisfactory hysteresis curve. 

In the embodiments of the present invention, it is not 
essential whether to select an oxide dielectric layer. Any 
of lead zirconate titanate [Pb(Zr Ji Vx )0 3 ] wi th x other than 
0.5, strontium barium titanate [(Ba x Sr Vx )TiO 3 (x=0 to 1)], 
lead barium zironate titanate, and bismuth layered 
ferroelectr ics can be used to form memory cells in the same 
way. 

<Tenth Embodiment) 

In this tenth embodiment of the present invention, 
description will be made for a process for forming an oxide 
dielectric capacitor on a substrate after finishing the 
processes from forming of a MOS transistor up to forming of 
a polycrystal I ine silicon plug as described in detail in the 
sixth embodiment of the present invention. The capacitor 
includes an aluminum titanium nitride layer for preventing 
oxygen diffusion and oxidation. In this embodiment, the 
lower electrode layer takes a structure in which a metallic 
layer, a conductive oxide layer, and an oxide dielectric 
layer were stacked sequentially on the aluminum titanium 
ni tr ide shown in Fig. 5. 
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At first, as shown in Fig. 20, an aluminum titanium 
nitride [(Ti 0 5 A1 0 . 5 ) 0 . 5 N 05 ] layer 191 and ametallic layer 181 
were formed using the same method as that in the ninth 
embodiment. The same effect to be described below was also 
obtained using another aluminum or nitrogen content, as well 
as using iridium, ruthenium, and rhenium. 

A 50nm thick I rO 2 layer formed using the RF-magnetron 
sputtering method was used as the conductive oxide layer 
201. The target was an Ir metal one. The film deposition 
conditions were as follows: temperature of the substrate 
heater; 500 °C, incident power; 1.5W/cm 2 , deposition rate; 
3 nm/min, discharge Ar gas/oxygen gas flow ratio; 50/50, and 
pressure; 7 mTorr. 

Next, the layer formed above was covered with a 50nm 
W film and a photo-resist masking pattern was transferred 
to the W film using the dry etching method. Using this 
transferred pattern as a mask, the aluminum titanium nitride 
layer 191, the metallic layer 181, as well as a conductive 
oxide layer 201 were patterned through sputter-etching. 

The transferred mask was then removed and an oxide 
dielectric layer 163 was formed. In the embodiments of the 
present invention, bismuth layered ferroelectr ics, 

Bi 4 Ti 3 0 12 , was used as oxide dielectrics. In an oxidizing 
atmosphere at 50 ^Torr in pressure, the titanium and bismuth 
were evaporated using an electron gun and an effusion cell 
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respectively, thereby forming a 100nm thick amorphous oxide 
layer in the room temperature. After this, a rapid thermal 
annealing treatment was applied to the sample at 700 °C for 
2min in an oxygen atmosphere so as to crystallize the 
surface. Finally, a platinum cell plate electrode 164 was 
formed and patterned to complete the object capacitor of a 
memory eel I. 

The sample was then measured with respect to the 
polarization hysteresis characteristics of this oxide 
ferroelectric capacitor by changing the capacitor area from 
0.2 to 25 #m 2 . As a result, it was found in any cases that 
a voltage could be supplied from the polycrystal silicon 

plug 152 to the oxide dielectric layer so as to obtain a 
satisfactory hysteresis curve. 

Whether to select a conductive oxide layer or an oxide 
dielectric layer is not essential in the embodiments of the 
present invention. In addition, any of lead zirconate 
titanate [ Pb(Zr x Ti ^ )0 3 ](x=0 to 1), strontium barium 
titanate [(Ba x Sr ^ )TiO 3 (x=0 to 1)], lead barium zironate 
titanate, bismuth layered ferroelectr ics, and SrBi 2 Ta 2 0 9 can 
be used to form the object capacitor in the same way. Any 
of the conductive oxides of RuO 2 , SrRuO 3 , ReO 3 can also be 
used to obtain the same effect. 

As described in each of the embodiments of the present 
invention, a MOS transistor formed on a silicon substrate 
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is applied to a semiconductor device provided in an oxide 
dielectric capacitor of the present invention. As for the 
guideline 1 for selecting conductive materials, a 
conductive oxide layer with oxygen deficiency was formed in 
a non-oxidizing atmosphere, thereby forming a double- 
layered conductive oxide layer. Consequently, the object 
memory cell was formed without oxidizing the 
polycrystal I ine silicon (the sixth embodiment of the 
present invention) adjacent to the double- layered 
conductive oxide layer, the ant i -diffusion non-oxide 
conductive layer consisting of a nitride, etc. (the seventh 
embodiment of the present invention), and the anti- 
diffusion non-oxide conductive layer (the eighth embodiment 
of the present invention) through a metallic layer. In 
accordance with the guideline 2 for selecting conductive 
materials, an aluminum titanium nitride layer for 
preventing oxygen diffusion and oxidation was formed, 
thereby stacking an oxide dielectric layer (the ninth 
embodiment of the present invention) and a conductive oxide 
layer (the tenth embodiment of the present invention) 
without oxidizing the nitride layer even when the metallic 
layer consisting of platinum, etc. and adjacent to the 
aluminum titanium nitride layer for preventing oxygen 
diffusion and oxidation was thinned down to 30nm. The object 
memory cell could be formed such way. According to the 



-96- 



structures and film deposition methods described above, it 
became possible to reduce both interfacial resistance and 
contact resistance of the object electrode, as well as to 
reduce the capacitor aspect ratio. It was thus possible for 
the present invention to obtain a semiconductor device 
provided with fine-structured memory cells suitable for 
high integrat ion. 

In the above embodiments of the present invention, the 
semiconductor of the present invention was mainly applied 
to a MOSFET. The semiconductor can also be applied to other 
devices that use oxide dielectrics (including oxide 
ferroelectr ics) as a capacitor, for example, a GaAs MMIC 

that uses oxide dielectrics as a so-called path condensor 
and a chip condensor. 
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CLAIMS 

1. A semiconductor device, comprising; 
a substrate; 

a lower electrode layer formed on said substrate; 

an oxide dielectric layer formed on said lower 
electrode layer; and 

an upper electrode layer form ed on said oxide 
dielectric layer, wherein 

said lower and upper electrode layers, as we I I as said 
oxide dielectric layer are combined to compose an oxide 
dielectric capacitor, said lower electrode layer includes 
a conductive oxide layer, said conductive oxide layer 
consists of two adjacent layers formed in the same crystal 
structure and with the same elements, but differently in the 
composition ratio from each other, and one of said two 
adjacent layers, which is positioned at said substrate side, 
includes oxygen deficiency. 

2. A semiconductor device in accordance with claim 1, 
wherein 

a MOS transistor is disposed on said substrate, and 
said lower electrode layer is connected electrically to the 
source area or drain area of said MOS transistor. 

3. A semic onductor device in accordance with claim 1, 
wherein 
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said lower electrode layer consists of a conductive 
silicon layer, a conductive oxide layer with oxygen 
deficiency, and a conductive oxide layer that are stacked 
sequentially from said substrate side. 

4- A semiconductor device in accordance with claim 1, 
wherein 

said lower electrode layer consists of a conductive 
silicon layer, a non-oxide conductive layer for anti- 
diffusion, a conductive oxide layer with oxygen deficiency, 
and a conductive oxide layer that are stacked sequentially 
from said substrate side. 

5. A semiconductor device in accordance with claim 4, 
wherein 

a metallic layer is further formed between said 
ant i -diffusion non-oxide conductive layer and said 
conductive oxide layer with oxygen deficiency, said 
metallic layer is composed of at least one type metal 
selected from a group of platinum, ruthenium, and iridium. 

6. A semiconductor device in accordance with claim 4, 
wherein 

said ant i -di f fusion non-oxide conductive layer 
consists of a nitride including at least one type metal 
selected from a group of Ti, Ta, Zr, Nb, V, and W. 

7. A semiconductor device in accordance with claim 1, 
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an oxide composing said double- layered conductive 
oxide layer is at least one type compound selected from RuO 2 
and I rO 2 having the rutile structure. 

8. A semiconductor device in accordance with claim 7, 
wherein 

said conductive oxide layer with said oxygen 
deficiency, which has said rut i le structure, is 

characterized by that the oxygen deficiency x in its 
chemical formula M0 2x (M=Ru or Ir element) with said oxygen 
deficiency is larger than 0 and smaller than a value that 
can maintain said rutile structure stable. 

9. A semiconductor device in accordance with claim 1, 
wherein 

an oxide composing said doubl e- 1 aye red conductive 

oxide layer consists of at least one type compound selected 
from a group of CaRuO 3, SrRuO 3. and SrTiO 3 to which La is added 
by over 0.5 weight^ to 4-0 weight^ (included), and all of 
them having the perovskite structure. 

10. A semicond uctor device in accordance with claim 
1, wherein 

an oxide composing said double- layered conductive 
oxide layer has a mixed phase of at least one type compound 
selected from a group of CaRuO 3. SrRuO 3. and SrTiO 3 to which 
La is added by over 0.5 weights to 4-0 weights (included), 
and all of them having the perovskite structure, with an 
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alkal 1 ine-earth metal oxide composing said compound, that 
is, CaO or SrO. 

11. A semiconductor device in accordance with claim 
9, wherein 

said conductive oxide layer with sai d oxygen 

deficiency and consisting of an oxide of said perovskite 
structure is characterized by that the oxygen deficiency > 
in its chemical formula AMO 3- x (A and M indicate any of said 
Ca, Sr, Ti, and La elements) is larger than 0 and smaller 
than a value that can maintain the perovskite structure 

stable. 

device in accordance with claim 



conductive oxide layer consists 



device in accordance with claim 



12. A semiconductor 
1, wherein 

said double- layered 
of ReO 3 . 

13. A semiconductor 
12, wherein 

said conduct ive oxide layer with said oxygen 
deficiency and consisting of said ReO 3 is characterized by 
that the oxygen deficiency x in its chemical formula ReO 3-x 
with said oxygen deficiency is larger than 0 and smaller than 
a value that can maintain the ReO 3 structure stable. 

14- A semiconductor device in accordance with claim 
1, wherein 
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said conductive oxide layer with said oxygen 
deficiency is 10nm or above in thickness. 

15. A semiconductor device in accordance with claim 
1, wherein 

said oxide dielectric layer is formed with one 

compound selected from lead zirconate titanate, lead barium 
zirconate titanate, and strontium barium titanate. 

16. A semiconductor device in accordance with claim 
1, wherein 

said oxide dielectric layer consists of bismuth- 
system layered ferroelectr ics. 

17. A method for manufacturing a semiconductor 

device, including a process for forming a conductive oxide 
layer with oxygen deficiency by sputtering or evaporating 
elements composing said conductive oxide in a non-oxidizing 
atmosphere, then forming a conductive oxide layer on said 
conductive oxide layer with said oxygen deficiency, thereby 
forming a lower electrode layer on a substrate; a process 
for forming an oxide dielectric layer on said lower 
electrode layer; and a process for forming an upper 
electrode layer on said oxide dielectric layer, wherein 
said lower electrode layer consists mainly of two 
conductive oxide layers formed in the same crystal structure 
and consisting of the same element, but different from each 
other in oxygen composition ratio, and 
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said lower and upper electrode layers, as well as said 
oxide dielectric layer are combined thereby composing an 
oxide dielectric capacitor. 

18- A method -for manufacturing a semiconductor device 
in accordance with claim 17, wherein 

at least part of a MOS transistor is formed on said 
substrate before said lower electrode layer is formed so as 
to be connected electrically to the source area or drain area 
of said MOS transistor. 

19- A method for manufacturing a semiconductor device 
in accordance with claim 17, wherein 

said conductive oxide layer with said oxygen 
deficiency formed in said double- layered conductive oxide 
layer is formed with the sputtering method and said non- 
oxidizing atmospheric gas is an argon gas (Ar) of 3N (99.9%) 
or over in purity. 

20. A method for manufacturing a semiconductor device 
in accordance with claim 17, wherein 

said conductive oxide layer with said oxygen 
deficiency, which is formed in said double- layered 
conductive oxide layer, is then formed with the sputtering 
method or the vacuum deposition method, and said non- 
oxidizing atmospheric gas is a vacuum state of 1 /ulorr or 
below into which no oxidizing gas consisting of any of oxygen 
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(0 2 ) , nitric monoxide (N 2 0), nitric dioxide (NO 2 ), and ozone 

(0 3 ) is introduced intentionally. 

21. A method for manufacturing a semiconductor device 
in accordance with claim 17, wherein 

said conductive oxide layer with said oxygen 
deficiency, which is formed in said double- 1 aye red 
conductive oxide layer, is then formed with the sputtering 
method or the vacuum deposition method, and said non- 
oxidizing atmospheric gas consists of at least one type 
selected from oxygen (0 2 ), nitric monoxide (N 2 0), nitric 
dioxide (N0 2 ), and ozone (0 3 ), and the pressure or partial 
pressure of said gas is 10 ,«Torr or below. 

22. A semiconductor device, comprising; 
a substrate; 

a lower electrode layer formed on said substrate; 

an oxide dielectric layer formed on said lower 
electrode layer; and 

an upper electrode layer provided on said oxide 
dielectric layer, wherein 

said lower and upper electrode layers, as well as said 
oxide dielectric layer are combined to compose an oxide 
dielectric capacitor, and said lower electrode layer 
includes an aluminum titanium nitride layer. 

23. A semiconductor devic e in accordance with claim 
22, wherein 
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a MOS transistor is disposed on said substrate, and 
said lower electrode layer is connected electrically to the 
source area or drain area of said MOS transistor. 

24. A semiconductor device in accordance with claim 
22, wherein 

said lower electrode layer consists of a conductive 
silicon layer, an aluminum titanium nitride layer, and a 
metallic layer that are stacked sequentially from said 
substrate side. 

25. A semiconductor device in accordance with claim 
24, wherein 

a conductive oxide layer is further formed on said 
metallic layer in said lower electrode layer. 

26. A semiconductor device in accordance with claim 

24, wherein 

said metallic layer consists of at least one type 
metal element selected from a group of platinum, iridium, 
ruthenium, and rhenium. 

27. A semiconductor device in accordance with claim 

25, wherein 

said conductive oxide layer consists of one type 
compound selected from a group of IrO 2 , RuO 2 . SrRuO 3 , and 

Re0 3 . 

28. A semiconductor device in accor dance with claim 
22, wherein 
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the composition of said aluminum titanium nitride 
layer is represented by a chemical formula of (Ti t_ x A1 x ) i- 

y N y , and x is over 0.2 to 0.5 (included) and y is over 0.4 
to 0. 6 (included). 

29. A semiconductor device in accordanc e with claim 
22, wherein 

said oxide dielectric layer is formed with one 
compound selected from lead zirconate titanate, lead barium 
zirconate titanate, and strontium barium titanate. 

30. A semiconductor device in accordance with claim 
22, wherein 

said oxide dielectric layer consists of bismuth- 
system layered ferroelectr ics. 

31. A method for manufacturing a semiconductor 
device, including; 

a step for forming a lower electrode layer including 
an aluminum titanium nitride layer on a substrate by 
sputtering in a nitridizing atmosphere; a step for forming 
an oxide dielectric layer on said lower electrode layer; and 
a step for forming an upper electrode layer on said oxide 
dielectric layer, wherein 

both lower and upper electrode layers, as well as said 
oxide dielectric layer are combined thereby composing an 
oxide dielectric capacitor. 
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32. A method for forming a semiconductor device in 
accordance with claim 31, wherein 

at least part of an MOS transistor is formed on the 
surface of said substrate before said lower electrode layer 
is formed, and said lower electrode layer is formed so as 
to be connected electrically to the source or drain area of 
said MOS transistor. 

33. A method for forming a semiconductor device in 
accordance with claim 31, wherein 

said nitridizing atmosphere used for forming said 
aluminum titanium nitride layer preventing oxygen diffusion 
and oxidation includes a nitrogen gas of 10 to 90 mo I % in 
an inactive gas. 

34. A method for forming a semiconductor device in 
accordance with claim 31, wherein 

a temperature for forming said aluminum titanium 
nitride layer preventing oxygen diffusion and oxidation is 
550 °C or below. 

35. A semiconductor device, including; 

first area consisting of a semiconductor material; 
second area connected to said first area and consisting of 
said first conductive material; third area connected to said 
second area and consisting of said second conductive 
material; fourth area connected to said third area and 
consisting of an oxide dielectric material; and fifth area 
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connected to said fourth area and consisting of a conductive 
material, wherein 

the material composition at the interface of said first area 
adjacent to said second area is approximately equal to the 
average material composition of said first area, and the 
material compositions at the interface of said second area 
adjacent to said first area, as well as to said third area 
is approximately equal to the average material composition 
of said second area. 

36. A semiconductor device, including; 

first area consi sting of a conductive semiconductor 
material; second area connected to said first area and 
consisting of said first conductive material; third area 
connected to said second area and consisting of said second 
conductive material; fourth area connected to said third 
area and consisting of an oxide dielectric material; and 
fifth area connected to said fourth area and consisting of 
a conductive material, wherein 

the average resistivity of said first area is 
approximately equal to the resistivity of said 

semiconductor material and the average resistivity of said 
second area is approximately equal to the resistivity of 

said first conductive material. 
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Abstract 

The object of the present invention is to provide a 
method for manufacturing a semiconductor device that uses 
oxide dielectrics for the capacitor and to suppress the 
oxidation at the interface of lower electrode of the 
capacitor. The oxide dielectric capacitor is composed of 
a lower electrode layer 11, oxide dielectrics 16 positioned 
on the lower electrode layer 11, and an upper electrode layer 
17 positioned on the oxide dielectric layer 16. The lower 
electrode layer 11 includes a double- layered conductive 
oxide layer 12. These adjacent two layers 14 and 15 are 
composed in the same crystal structure and with the same 
element. The layer 14 positioned at the substrate 10 side 
includes oxygen deficiency. And, since the conductive oxide 
layer 14 including oxygen deficiency functions to prevent 
oxygen diffusion, the component 13 of the lower electrode 
layer, adjacent to the layer 14, as well as its interface 
can be prevented from oxidation, thereby assuring a proper 
electrical connection between them. 
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